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PHOTOSENSITIVE COMPOSITION,
LITHOGRAPHIC PRINTING PLATE
PRECURSOR, LITHOGRAPHIC PRINTING
METHOD, AND NOVEL CYANINE DYES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a photosensitive composi-
tion, a lithographic printing plate precursor, and to a litho-
graphic printing method using same. More particularly, 1t
relates to a lithographic printing plate precursor which per-
mits direct plate making by scanning a laser light having a
wavelength of, for example, from 300 to 1,200 nm based on
digital signals from a computer, called a lithographic printing
plate precursor for a direct plate-making process, novel cya-
nine dyes which can be preferably used therefor, and a litho-
graphic printing process of directly developing the litho-
graphic printing plate precursor on a printing machine
without a development processing step and performing print-
ng.

2. Description of the Related Art

A lithographic printing plate generally comprises oleo-
philic image areas which accept an 1nk 1n a printing step and
hydrophilic non-image areas which receive dampening water.
Lithographic printing 1s a printing method of producing areas
different 1n ink adhesion properties on the lithographic print-
ing plate, with the oleophilic image areas thereof being 1nk-
receptive areas and hydrophilic areas thereof being dampen-
ing water-receptive arcas (ink-repelling areas), utilizing the
properties of water and o1l to repel each other, inking only the
image areas, and then transierring the 1nk onto a material to be
printed such as paper.

In order to prepare this lithographic printing plate, a litho-
graphic printing plate precursor (PS plate) comprising a
hydrophilic support having provided thereon an oleophilic
photosensitive resin layer (1mage recording layer) has con-
ventionally been widely used. Ordinarily, this lithographic
printing plate precursor 1s exposed through an original of a
lith film, and 1mage areas of the image recording layer 1s
allowed to remain, whereas non-image areas of the image
recording layer 1s dissolved away with an alkaline developing

solution or an organic solvent to thereby reveal the surface of

the hydrophilic support and make a printing plate. Thus, there
1s obtained a lithographic printing plate.

In the conventional plate-making process using a litho-
graphic printing plate precursor, a step of removing, after
exposure, non-image areas of the image recording layer by
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using a developing solution selected according to the kind of 50

the image recording layer has been required. Thus, 1t has been
one subject to eliminate the necessity of, or to simplity, such
additionally performed wet treatment. In particular, 1n recent
years, disposal of the waste liquor discharged accompanying,
the wet treatment has been a great matter of concern through-
out the field of industry 1n view of the consideration for global
environment, and hence solution of the above-described sub-
ject has been increased more and more.

As one of simple plate-making methods 1n response to the
above-described requirement, there has been proposed a
method, called on-machine development, wherein a litho-
graphic printing plate precursor having an image recording
layer the non-image areas ol which are capable of being
removed 1n a conventional printing process 1s used and, after
exposure, the non-image areas of the image recording layer 1s
removed on a printing machine to obtain a lithographic print-
ing plate.
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Specific methods of the on-machine development include,
for example, a method of using a lithographic printing plate
precursor having an 1mage recording layer that can be dis-
solved or dispersed 1n dampening water, an ink solvent or an
emulsion of dampemng water and ink, a method of mechani-
cally removing an image recording layer by contact with
rollers or a blanket cylinder of a printing machine, and a
method of lowering cohesion of an image recording layer or
adhesion between an 1mage recording layer and a support
upon penetration of dampening water, an ink solvent or the
like and then mechanically removing the image recording
layer by contact with rollers or a blanket cylinder of a printing
machine.

Additionally, 1n the mnvention, unless otherwise indicated
particularly, the term “development processing step” means a
step of using an apparatus (ordinarily, an automatic develop-
ing machine) other than a printing machine and removing
inirared laser-unexposed areas of the image recording layer
of the lithographic printing plate precursor upon contact with
liquid (ordinanly, an alkaline developing solution) thereby
revealing a hydrophilic surface of support. The term *“‘on-
machine development” means a method and a step of remov-
ing infrared laser-unexposed areas of the image recording
layer of the lithographic printing plate precursor upon contact
with liquid (ordinarily, printing ink and/or dampening water)
by using a printing machine thereby revealing a hydrophilic
surface of support.

On the other hand, digitization technique of electronically
processing, accumulating and outputting 1mage information
using a computer has been popularized in recent years, and
various new 1mage outputting systems responding to the digi-
tization technique have been put into practical use. Corre-
spondingly, attention has been drawn to a computer-to-plate
(CTP) technique of carrying digitized image information on
highly converging radiation, for example, laser light and per-
forming scanning exposure of a lithographic printing plate
precursor to the light thereby directly preparing a lithographic
printing plate without using a lith film. Thus, 1t 1s one of
important technical subjects to obtain a lithographic printing
plate precursor adaptable to the technique described above.

As 1s described above, 1n recent years, the simplification of
plate-making operation and the realization of dry system and
non-processing system have been more strongly required
than ever from both aspects of the consideration for global
environment and the adaptation for digitization.

Of the lithographic printing plate precursors, a lithographic
printing plate precursor having on a hydrophilic support an
oleophilic photosensitive resin layer containing a photosen-
sitive compound capable of generating an active species such
as a radical or a Br¢nsted acid by laser exposure has been
proposed as a lithographic printing plate precursor capable of
being scan exposed and has already been marketed. A nega-
tive-working lithographic printing plate can be obtained by
scan exposing this lithographic printing plate precursor to a
laser light based on digital information to generate an active
species which functions to cause physical or chemical change
in die photosensitive layer to insolubilize the layer, and then
development processing the exposed precursor. In particular,
a lithographic printing plate precursor comprising a hydro-
philic support having provided thereon a photo-polymeriza-
tion type photosensitive layer with an excellent photosensi-
tive speed containing a photo polymerization initiator, an
addition-polymerizable ethylenically unsaturated com-
pound, and a binder polymer soluble 1n an alkal1 developing
solution and, as needed, an oxygen barrier protective layer
can form a printing plate having desirable printing perfor-
mance due to the advantages that the precursor 1s excellent in
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productivity, permits simple development processing, and
shows good resolution and ink-depositing properties.

In addition, as a lithographic printing plate precursor which
can be on-machine developed, a lithographic printing plate
comprising a hydrophilic support an 1mage-forming layer
wherein hydrophobic thermoplastic polymer particles are
dispersed in a hydrophilic binder 1s described 1n Japanese
Patent No. 2,938,397. lJapanese Patent No. 2,938,397
describes that 1t 1s possible that, after exposing the litho-
graphic printing plate precursor by an inirared laser to coa-
lesce the hydrophobic thermoplastic polymer particles by
heat and to form an image, the precursor 1s mounted on a
cylinder of a printing machine and 1s subjected to on-machine
development with dampening water and/or an 1nk.

Although this method of forming an 1mage by coalescing
fine particles through mere thermal fusing shows good on-
machine developability, 1t involves the problem that the
image strength 1s so weak that the resulting printing plate has
insuificient printing durability.

In addition, JP-A-2001-277740 and JP-A-2001-277742
(the term “JP-A” as used herein means an “unexamined pub-
lished Japanese patent application™) describe a lithographic
printing plate precursor comprising a hydrophilic support
having provided thereon an 1image recording layer (heat-sen-
sitive layer) containing microcapsules encapsulating a poly-
merizable compound.

Further, JP-A-2002-287334 describes a lithographic print-
ing plate precursor comprising a support having provided
thereon an 1mage recording layer (photosensitive layer) con-
taining an infrared ray absorbent, a radical polymerization
initiator, and a polymerizable compound.

These methods of employing polymerization reaction are
characterized in that, 1n comparison with image areas formed
by thermally fusing polymer fine particles, formed 1mages
have comparatively good image strength owing to high
chemical bond density 1in the image areas. In view of practical
viewpoint, however, on-machine developability, fine line
reproducibility, and printing durability are all still insudfi-
cient.

Still further, US 2003/0064318 describes an on-machine
developable lithographic printing plate precursor comprising
a support having provided thereon an image recording layer
containing a polymerizable compound and a grait polymer
having polyethylene oxide chain as side chain or containing a
block polymer having ethylene oxide blocks.

However, this technique provides insufficient fine line
reproducibility and printing durability, though on-machine
developability thereof 1s good.

In general, an operation for inspection and discrimination
of image formed on a printing plate 1s carried out 1n order to
examine whether the image 1s recorded on the printing plate
as mtended, in advance of mounting the printing plate on a
printing machine. With a conventional lithographic printing,
plate precursor subjected to the development processing step,
it 1s ordinarily easily performed to confirm the image formed
aiter the plate-making (after the development processing) and
before the printing (before mounting the printing plate on a
printing machine) by means of coloration of the image
recording layer.

However, with respect to the lithographic printing plate
precursor of the on-machine development type or non-pro-
cessing (non-development) type without accompanying the
development processing prior to printing, the 1mage 1s not
recognized on the printing plate 1n the step of mounting 1t on
a printing machine, and thus the discrimination o the printing
plate can not be performed. In particular, 1t 1s important in the
printing operation to determine whether a register mark
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which acts as a landmark for the registering in multicolor
printing 1s recorded. Therefore, with the lithographic printing
plate precursor of the on-machine development type or non-

processing (non-development) type, a means for confirming
the 1mage at the stage of exposure or heating 1s required, that
1s, exposed or heated areas are required to form or lose color.

Printing plates have been proposed wherein a compound
capable of generating an acid, base or radical by means of
light or heat and a compound capable of undergoing color
change upon interaction with the acid, base or radical gener-
ated are used as the print-out agents (for example, see JP-A-
11-2777927). Also, 1thas been proposed to utilize color change
of thermally decomposable compound as the print-out agent
of a direct-drawing type lithographic printing plate precursor
having a heat-sensitive layer (for example, see JP-A-2000-
335129). Further, 1t has been proposed to use a thermally
decomposable dye having a decomposable temperature of
250° C. or below as the print-out agent (for example, see

JP-A-2003-191657).

According to these techniques, color 1s formed or lost 1n
exposed areas, which has served to improve viewability

(plate-inspecting properties) of an 1mage to some extent.

However, the improvement is still practically imnsutficient and,

in addition, there have been involved various problems such
as a problem that formed dyes or dyes not decomposed by
exposure and losing color 1n turn dye the dampening water to
exert adverse eflects on finished prints, a problem that
insoluble dyes remain in an ik or dampening water, and a

problem that components of an ink or dampening water react

with the dye to form a precipitate, 1.e., tailings.

SUMMARY OF THE INVENTION

An object of the ivention 1s to provide a lithographic
printing plate precursor capable of providing a printing plate
having good printing durability by infrared laser exposure.

Another object of the invention 1s to provide a lithographic
printing plate precursor of on-machine development type
lithographic printing plate precursor which can form a color
image with good viewability by infrared laser exposure and
has excellent on-machine developability, and to provide a
lithographic printing method using this lithographic printing
plate precursor.

A Turther object of the invention 1s to provide novel cyanine
dyes capable of being preferably used in the lithographic
printing plate precursor.

As a result of intensive investigations to solve the above-
described problems, the mventor has found that use of an
inirared ray absorbent having a particular structure can pro-
vide improved printing durability and can provide a print-out
image having good viewability, thus having completed the
invention based on the finding.

Also, the inventor has found, among the particular infrared
ray absorbents, novel cyanine dyes capable of being prefer-
ably used for the above-described uses.

That 1s, the invention 1s as follows.
<1> A photosensitive composition comprising:

a cyanine dye that has, on a methine chain thereotf, a sub-
stituent which 1s a cation moiety of an ontum salt structure.
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<2> The photosensitive composition as described in <1,
wherein

the cyanine dye 1s represented by a general formula (1):

General formula (1)

wherein 15

R', R* R”, and R° each independently represents a hydro-
carbon group which may have a substituent;

R> and R* each independently represents a hydrogen atom,

a hetero atom, or a hydrocarbon group; 20

R' and R* may be connected to each other to form a ring;
R* and R® may be connected to each other to form a ring;

A~ represents a counter 1on which exists when charge
neutralization 1s necessary, the counter ion being selected
from the group consisting of a halogen 10on, a perchlorate 10n,
a tetratluoroborate 10on, a hexatluorophosphate 1ons and a
sulfonate 10n; and

25

7. represents a polymethine group which may have a sub-
stituent selected from the group consisting of a halogen atom,
—N(Aryl),, —X*-L*, a chain hydrocarbon group, a cyclic
hydrocarbon group, and a heterocyclic group,

30

wherein

Aryl represents an aryl group;

X* represents an oxygen atom, a nitrogen atom, or a sulfur
atom; and

35

L' represents a hydrocarbon group containing from 1 to 12

carbon atoms, a heteroaromatic ring, or a hydrocarbon group
containing a hetero atom and from 1 to 12 carbon atoms, the

hetero atom being N, S, O, halogen atom, or Se,

40

wherein

the polymethine group has at least one substituent repre- 45
sented by a general formula (2) and two substituents of the at
least one substituent may be connected to each other to form

a ring which may have a substituent:

General formula (2)

55

wherein

X represents a single bond or a divalent linking group; “

Y™ represents a substituent having a cation moiety of an
onium salt structure; and

B~ represents a counter 1on which exists when charge neu-
tralization 1s necessary, the counter 10n being selected from

the group consisting of a halogen 1on, a perchlorate 1on, a
tetrafluoroborate 10n, a hexatluorophosphate 1on, and a sul-

fonate 10n.
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<3> The photosensitive composition as described 1n <1>,
wherein
the cyanine dye 1s represented by a general formula (3):

General formula (3)

Y® po
R’ :J( R®
,”’-‘ Ql QEH"-“\
Y T2
N/ Z N N NF e
- ® .
llkl R2 R4 RS R? ];!LS
AQ

wherein

R" and R® each independently represents a hydrocarbon
group which may have a substituent;

R? R’ R* R”,R° and R’ each independently represents a
hydrogen atom or a hydrocarbon group;

R* and R may be connected to each other to form a ring
which may have a substituent;

X represents a single bond or a linking group;

Q' and Q° each independently represents —NR—, S, O,
—CH—CH—, or a dialkylmethylene group;

R” represents a hydrogen atom or a hydrocarbon group
which may have a substituent;

Y™ represents a substituent having a cation moiety of an
onium salt structure;

T' and T each independently represents an aromatic ring
or a heteroaromatic ring; and

A~ and B~ each independently represents a counter 1on
which exists when charge neutralization 1s necessary, the
counter 1on being selected from the group consisting of a
halogen 10on, a perchlorate ion, a tetratluoroborate 1on, a
hexatluorophosphate 1on, and a sulfonate 10n.

<4> The photosensitive composition as described 1n <1>,
wherein

the cyanine dye 1s represented by a general formula (4):

(General formula (4)

v® RO
N R X RS
e )\ )
N/ 7 N N NF N -
. A B
| 5 - |
R/ R R RS
AO

wherein

R' and R® each independently represents a hydrocarbon
group which may have a substituent;

R* R>, R° and R’ each independently represents a hydro-
gen atom or a hydrocarbon group;

T' and T each independently represents an aromatic ring
or a heteroaromatic ring;

A~ and B~ each independently represents a counter 1on
which exists when charge neutralization 1s necessary, the

counter 1on being selected from the group consisting of a
halogen 10on, a perchlorate ion, a tetratluoroborate 1on, a
hexafluorophosphate 10n, and a sulfonate 1on;
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X represents a single bond or a linking group; and
Y™ represents a substituent represented by any one of gen-

eral formulae (5), (6), (7) and (8):

General formula (5)

RZ 1 RZ[) R29 R28
®
R22 I \\ / RZ?
R23 R24 RZS \RZIS
General formula (6)
R42
R43 R4 |
r\ -
R4 / N R40
o R3 9
R3 | S R3 3
R32 4 R3 7

General formula (7)

R30
R3
R33
R46 R45
R4?_%_§7N2®
Ré \R49
RS] RSG
R32 4%:5}?— OR>?
R53 R54
wherein R*" to R each independently represents a hydro-
gen atom, a halogen atom, or a monovalent organic group:;
and
one of R*" to R*” in the general formula (5), one of R°" to
R**in the general formula (6), one of R*> to R* in the general
formula (7), and one of R*° to R>* in the general formula (8)
are a single bond connected to X 1n the general formula (4).
<5> The photosensitive composition as described in <1>,
turther comprising:
(B) a binder polymer; and
(C) a polymerizable monomer.
<6> The photosensitive composition as described in <1>,
turther comprising:
(D) a microcapsule or microgel.
<> A lithographic printing plate precursor comprising;
a support; and
an 1mage recording layer that comprises the photosensitive
composition according to claim 1.
<8> The lithographic printing plate precursor as described
in <7>, wherein

the image recording layer 1s capable of recording by inira-
red laser exposure; and

General formula (8)
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the lithographic printing plate precursor 1s capable of print-
ing by mounting the lithographic printing plate precursor on
a printing machine without development processing step or
by recording an 1mage aiter mounting the lithographic print-
ing plate precursor on a printing machine.

<9> A lithographic printing method comprising:

a step of 1magewise exposing the lithographic printing
plate precursor as described 1n <8> by an infrared laser; and

a printing step of feeding an o1ly ink and an aqueous com-
ponent to the exposed lithographic printing plate precursor to
perform printing without development process,

wherein an infrared laser-unexposed area in the image
recording layer 1s removed 1n the course of the printing step.

<10> A compound represented by a general formula (9):

General formula (9)

y® B©
N Q! R? X RO P .-
; T! T2 ‘;.
“u_ * N/ / / / / N - ##J
- ® -
| 2 4 5 7 |
A R R R R
©

A

wherein

R' and R® each independently represents a hydrocarbon
group which may have a substituent;

R* R, R* R>,R° and R’ each independently represents a
hydrogen atom or a hydrocarbon group;

R* and R> may be connected to each other to form a ring
which may have a substituent;

Q' and Q° each independently represents —NR”—, S, O,
—CH—CH—, or a dialkylmethylene group;

R” represents a hydrogen atom or a hydrocarbon group
which may have a substituent;

T' and T each independently represents an aromatic ring
or a heteroaromatic ring;

A~ and B~ each independently represents a counter 1on
which exists when charge neutralization 1s necessary, the
counter 1on being selected from the group consisting of a
halogen 10on, a perchlorate ion, a tetratluoroborate 1on, a
hexatluorophosphate 1on, and a sulfonate 10n;

X represents a single bond or a linking group;

Y™ represents a substituent represented by any one of gen-
eral formulae (5), (6), (7) and (8):

General formula (5)

R - / \\ / R
/ 0\ / 0\
R23 R24 RZS R26
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-continued
General formula (6)
R42
R43 R4 1
R44 R4U
R3 0
R3 1
R32
R3 3
General formula (7)
R46 R45
R47 / \ N2®
R48 R49
General formula (8)
RS 1 RSD
/ ®
R> N—OR>
R53 R54

wherein R*" to R>> each independently represents a hydro-
gen atom, a halogen atom, or a monovalent organic group;
and
one of R*° to R*” in the general formula (5), one of R*° to R**
in the general formula (6), one of R*> to R* in the general
formula (7), and one of R*° to R in the general formula (8)
are a single bond connected to X 1n the general formula (4).

Although the mechanism of the ivention 1s not clear, it
may be surmised as follows.

In the case where the photosensitive composition of the
invention 1s a negative-working responsive composition, the
cyanine dye represented by the foregoing general formula (1)
which 1s to be used 1n the mvention has the light-absorbing
ability and the ability of imitiating radical polymerization and
has the function that, when subjected to laser exposures elec-
tron 1s elfectively transierred to the substituent therein having
an onium salt structure and, as a result, generates a radical, or
the dye 1s directly decomposed and, as a result, generates a
radical, with the radical mitiating and the polymerization
reaction of the polymerizable monomer (C). It 1s also consid-
ered that the cyanine dye (A) develops the polymerization-
initiating ability upon being laser-exposed and, at the same,
undergoes structural change to cause change 1n color. It 1s
surmised that, since the cyanine dye (A) represented by the
foregoing general formula (1) has a substituent having the
radical polymerization-initiating ability within the molecule,
clectron transier takes place and proceeds eflectively from
the excited dye, a large change 1n color and excellent view-
ability can be obtained and, at the same time, that a cured
image with high strength can be formed.

Also, 1n the case where the photosensitive composition of
the mvention 1s a positive-working responsive composition,
the composition contains a water-insoluble and aqueous alka-
line solution-soluble high molecular compound (H) to be
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described hereinatter and the infrared ray absorbent (A) of the
invention. In the recording layer of the lithographic printing
plate precursor using such composition, the recording layer
acquires resistance to dissolution 1n an alkaline aqueous solu-
tion by mutual action between the onium salt structure moiety
of the infrared ray absorbent (A) of the ivention and an
alkali-soluble group 1n the water-insoluble and aqueous alka-
line solution-soluble resin but, 1n exposed areas (non-image
areas ), the mutual action 1s released by decomposition of the
onium salt structure moiety of the inirared ray absorbent (A)
and, as a result, solubility of the layer for the alkaline aqueous
solution 1s 1improved to thereby form an 1image.

DETAILED DESCRIPTION OF THE INVENTION

The invention will be described 1n detail below.
[Photosensitive Composition]

The photosensitive composition of the invention 1s charac-
terized by containing a cyanine dye (A) having on the methine
chain thereotf a cation moiety of an onium salt structure as a
substituent. A photosensitive material having an 1mage
recording layer containing such photosensitive composition
can be recorded by 1rradiation with laser light.

Individual constituting components of the photosensitive
composition will be described in detail below.
<Cyanine Dyes (A) Having a Particular Structure>

Cyanine dyes in the photosensitive composition of the
invention (heremafter properly referred to as “particular cya-
nine dyes (A)) have on the methine chain thereof a cation
moiety of an onium salt structure as a substituent. Here,
nitrogen atoms which the cyanine dye has on both ends of the
methine chain are essential parts of the cyanine dye, and
hence they are not referred to as substituents.

The particular cyanine dyes (A) have the function as an
inirared ray absorbent (function of converting the absorbed
inirared ray to heat or function of being excited by infrared
ray to transier electron and/or energy to the cation moiety of
the ontum salt structure) and the function as a polymerization
initiator, and therefore the lithographic printing plate precur-
sor using the photosensitive composition of the invention can
form an 1mage by using a laser light source emitting infrared
rays of from 760 to 1,200 nm 1n wavelength.

The particular cyanine dyes (A) preferably have a cyanine
dye structure represented by the following general formula

(1).

General formula (1)

R’ R*
R! R®
\N)XZ%\N'/
® |
R? R>

AD

In the general formula (1), R, R, R, and R® each inde-
pendently represents a hydrocarbon group. The hydrocarbon
group may have a substituent and contains preferably 20 or
less carbon atoms. Examples of preferred substituents
include an alkoxy group containing 12 or less carbon atoms,
an aryloxy group, a carboxyl group, a sulfo group, an alkyl-
carbonyloxy group, and an aryloxycarbonyl group. R® and R*
cach independently represents a hydrogen atom, a hetero
atom or a hydrocarbon group. R' and R*, and R* and R°, may
be connected to each other to form a ring. In view of storage
stability of the coating solution for forming an image record-
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ing layer, 1t 1s preferred to form a 5- or 6-membered ring. Z
represents a polymethine group which may have a substituent
of a halogen atom, —N(Aryl),, —X*-L', a chain-like or
cyclic hydrocarbon group or a heterocyclic group, wherein
Aryl represents an aryl group, X2 represents an oxygen atom,
a nitrogen atom or a sulfur atom, and L' represents a hydro-
carbon group containing ifrom 1 to 12 carbon atoms, an het-
croaromatic ring or a hetero atom-containing hydrocarbon
group contaiming from 1 to 12 carbon atoms, with the hetero
atom being N, S, O, halogen atom or Se, and the polymethine
group having at least one substituent represented by the fol-
lowing general formula (2) and, further, substituents on two
methine carbon atoms of the polymethine group optionally
being connected to each other to form a ring. In view of
storage stability of the coating solution for forming the
recording layer, the polymethine group 1s preferably a hydro-
carbon group containing 2 or more carbon atoms, and more
preferably forms a ring. This ring may further have a substitu-
ent. As such substituent, a hydrogen atom, a halogen atom,
and a hydrocarbon group containing 12 or less carbon atoms
are preferred. A™ represents a counter 1on of a halogen 10n, a
perchlorate 10n, a tetratfluoroborate 10n, a hexafluorophos-
phate 10n or a sulfonate 10n, which exists when neutralization
of the charge 1s necessary. In view of storage stability of the
coating solution for forming the recording layer, the counter
ion 1s particularly preferably a perchlorate 10n, a hexafluoro-
phosphate 10on or an arylsulfonate ion. In view of improving,

viewability, A~ 1s more preferably an inorganic anion or a
counter anion of a strong acid and, from such standpoint,
there are illustrated PF.~, BF,”, CF;SO,~, and C,F;50;",
with PF .~ being most preterred. However, with those cyanine
dyes represented by the general formula (1) which have an
anionic substituent within 1ts structure and which do not
require neutralization of charge, A™ 1s not necessary,

General formula (2)

In the general formula (2), X represents a single bond or a
divalent linking group, Y™ represents a substituent having an
onium salt structure, and B~ 1s the same as defined for A~
described above.

As an organic linking group of X, those which are consti-
tuted by from 1 to 30 carbon atoms, preferably from 1 to 10
carbon atoms, from 0 to 10 nitrogen atoms, preferably from O
to 5 nitrogen atoms, from 0 to 20 oxygen atoms, preferably
from O to 10 oxygen atoms, from 1 to 50 hydrogen atoms,
preferably from 1 to 20 hydrogen atoms, and from 0 to 10
sulfur atoms, preferably from O to 5 sulfur atoms, are pre-
terred. The organic linking group may have a valence number
of two or more. As more specific examples, there can be
illustrated those organic linking groups which are constituted
by one or a combination of the following structures.
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-continued

O

In the general formula (1), from the standpoint of view-
ability and matching properties for infrared laser, the poly-
methine group is preferably a heptamethine group, and R and
R>, and R* and R®, are preferably connected to each other to
form a ring. Further, from the standpoint of availability of
starting materials, those substituents are preferred which have
the cation moiety of ontum salt structure in the center of the
methine chain. That 1s, cyanine dyes represented by the gen-
eral formula (3) are preferred.

(General formula (3)

v® p®
N Q! R’ X R® P .-

3 T! T2 ":.
L N/ N N N\ F —
- S -

1111 R* R* R R 1!13

©

A

In the general formula (3), R" and R® each independently
represents a hydrocarbon group. The hydrocarbon group may
have a substituent, and contains preferably 20 or less carbon
atoms. Preferred substituents include an alkoxy group con-
taining 12 or less carbon atoms, an aryloxy group, a carboxyl
group, a sulfo group, an alkylcarbonyloxy group, and an
aryloxycarbonyl group. R*, R?, R*, R>, R®, and R’ each inde-
pendently represents a hydrogen atom or a hydrocarbon
group. R* and R may be connected to each other to form a
ring. The hydrocarbon group contains preferably 12 or less
carbon atoms. In view of availability of starting materials, R”,
R®, R® and R’ are preferably hydrogen atoms. In view of
storage stability of the coating solution for forming an 1mage
recording layer, R* and R each preferably represents a hydro-
carbon group containing 2 or more carbon atoms and, par-
ticularly preferably, R* and R> are connected to each other to
form a 35- or 6-membered ring. From the standpoint of
improving viewability, formation of a 5-membered ring 1s
most preferred. X represents a single bond or a linking group
and is the same as defined for X in the general formula (2). Q°
and Q°, which may be the same or different, each represents
—NR—, S, O, —CH—CH— or a dialkylmethylene group.
R” represents a hydrogen atom or a hydrocarbon group. The
hydrocarbon group may have a substituent containing pret-
erably 20 or less carbon atoms. Preferred substituents include
a halogen atom, an amino group, an alkoxy group, an arvloxy
group, a carboxyl group, a sulfo group, an alkylcarbonyloxy
group, and an aryloxycarbonyl group. Y™ represents a sub-
stituent having a cation moiety having an ontum salt structure.
T' and T~ each independently represents an aromatic ring or a
heteroaromatic ring. The aromatic ring and the heteroaro-
matic ring may have a substituent. Preferred aromatic rings
include a benzene ring and a naphthalene ring. Preferred
substituents include a hydrocarbon group containing 12 or
less carbon atoms, a halogen atom, and an alkoxy group
containing 12 or less carbon atoms. From the standpoint of
improving viewability, electron donative groups are pre-
terred. Specifically, an alkoxy group containing 12 or less
carbon atoms and an alkyl group containing 12 or less carbon
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atoms are more preferred. A~ and B™ are the same as defined
for A~ and B™ 1n the general formulae (1) and (2).

In the general formula (3), from the standpoint of view-
ability, R* and R> most preferably form a 5-membered ring.
Q' and Q° each preferably represents most preferably a
dialkylmethylene group. As the substituent having an onium
salt structure, those substituents are most preferred which are
represented by the following general formula (5), (6), (7) or
(8). That 1s, cyanine dyes represented by the following gen-
eral formula (4) are particularly preferred.

General formula (4)

v® O
- R X RS
] T! T2 ~‘:
“‘-.. . N/ / / / / N‘___,....-- . o
i ® _.
I |
R/ R; R’ R®
A

In the general formula (4), R', R*,R°>,R°, R, R®, X, T*, T,
A~, and B™ are the same as defined with respect to the general
formula (3).

Y™ represents a substituent represented by any one of the
tollowing general formulae (5), (6), (7), and (8).

General formula (5)

RZ] RED R29 RZS
° /
RZZ I \ / RZ?
R23 R24 RZS R26
General formula (6)
R42
R43 R4 1
\ /
R / N R40
RSD R39
@
R3 1 S R38
\ e
R32 R34 R3S A\ R37
R33 R36
General formula (7)
R46 R45
R4T N2®
R48 R49
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-continued
General formula (8)
RS 1 RSD
R52 / \ NG)_ ORSS
R5/3 \R54

In the general formulae (5) to (8), R*° to R each indepen-
dently represents a hydrogen atom, a halogen atom or a
monovalent organic group, and any one of them 1n the general
formulae (5) to (8)1s a single bond and 1s connected to X in the
general formula (4).

As to the site to which the single bond is connected, R** is
preferred in the general formula (5), R~ is preferred in the
general formula (6), R*’ or R* is preferred in the general
formula (7), and R>* or R is preferred in the general formula
(8), from the standpoint of synthesis.

Examples of other monovalent organic group include an
amino group, a substituted amino group, a substituted carbo-
nyl group, a hydroxyl group, a substituted oxy group, a thiol
group, a thioether group, a silyl group, a nitro group, a cyano
group, an alkyl group, an alkenyl group, an aryl group, a
heterocyclic group, a sulfo group, a substituted sulfonyl
group, a sulfonato group, a substituted sulfinyl group, a
phosphono group, a substituted phosphono group, a phospho-
nato group, and a substituted phosphonato group and, when
introducible, the monovalent organic group may further have
a substituent.

As the alkyl group, there can be illustrated straight,
branched and cyclic alkyl groups containing from 1 to 20
carbon atoms. Among them, a straight alkyl group containing
from 1 to 12 carbon atoms, a branched alkyl group containing
from 3 to 12 carbon atoms, and a cyclic alkyl group contain-
ing from 5 to 10 carbon atoms are more preferred. Specific
examples thereof include a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, an
undecyl group, a dodecyl group, a tridecyl group, a hexadecyl
group, an octadecyl group, an eicosyl group, an 1sopropyl
group, an isobutyl group, a s-butyl group, a t-butyl group, an
1sopentyl group, a neopentyl group, a 1-methylbutyl group,
an 1sohexyl group, a 2-ethylhexyl group, a 2-methylhexyl
group, a cyclohexyl group, a cyclopentyl group, and a 2-nor-
bornyl group.

In the case where the alkyl group has a substituent (i.e., a
substituted alkyl group), as the alkyl moiety of the substituted
alkyl group, there can be illustrated a divalent organic residue
formed by removing any one hydrogen atom on the alkyl
group described above and containing from 1 to 20 carbon
atoms. A preferred range of the carbon atoms 1s also the same
as described with respect to the above-described alkyl group.

In the case where the monovalent organic group of R*° to
R is a substituted alkyl group, specific examples thereof
include a chloromethyl group, a bromomethyl group, a
2-chloroethyl group, a trifluoromethyl group, a methoxym-
cthyl group, a methoxycarbonylmethyl group, an isopro-
poxymethyl group, a butoxymethyl group, an s-butoxybutyl
group, a methoxyethoxyethyl group, an allyloxymethyl
group, a phenoxymethyl group, an acetyloxymethyl group, a
methylthiomethyl group, a tolylthiomethyl group, a pyridyl-
methyl group, a tetramethylpipendinylmethyl group, an
N-acetyltetramethylpiperidinylmethyl group, a trimethylsi-
lylmethyl group, a methoxyethyl group, an ethylaminoethyl
group, a diethylaminopropyl group, a morpholinopropyl
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group, an acetyloxymethyl group, a benzoyloxymethyl
group, an N cyclohexylcarbamoyloxyethyl group, an N-phe-
nylcarbamoyloxyethyl group, an acetylaminoethyl group, an
N-methylbenzoylaminopropyl group, a 2-oxoethyl group, a
2-oxopropyl group, a carboxypropyl group, a methoxycarbo-
nylethyl group, an allyloxycarbonylbutyl group, a chlorophe-
noxycarbonylmethyl group,

a carbamoylmethyl group, an N-methylcarbamoylethyl
group, an N,N-dipropylcarbamoylmethyl group, an N-(meth-
oxyphenyl)carbamoylethyl group, an N-methyl-N-(sul-
tophenyl)carbamoylmethyl group, a sulfobutyl group, a sul-
fonatobutyl group, a sulfamoylbutyl group, an
N-ethylsulfamoylmethyl group, an N,N-dipropylsulfamoyl-
propyl group, an N-tolylsulfamoylpropyl group, an N-me-
thyl-N-(phosphonophenyl)sulfamoyloctyl group, a phospho-
nobutyl group, a  phosphonatohexyl group, a
diethylphosphonobutyl group, a diphenylphosphonopropyl
group, a methylphosphonobutyl group, a methylphosphonna-
tobutyl group, a tolylphosphonohexyl group, a tolylphospho-
natohexyl group, a phosphonoxypropyl group, a phospho-
natoxybutyl group, a benzyl group, a phenethyl group, an
a-methylbenzyl group, a 1-methyl-1-phenylethyl group, a
p-methylbenzyl group, a cinnamyl group, an allyl group, a
1 -propenylmethyl group, a 2-butenyl group, a 2-methylallyl
group, a 2-methylpropenylmethyl group, a 2-propynyl group,
a 2-butynyl group, and a 3-butynyl group.

As substituents which can be introduced into the alkyl
group, there are illustrated monovalent substituents consti-
tuted by non-metal atoms and illustrated below 1n addition to
the substituents described 1n the above description about the
substituted alkyl groups. Preferred examples including the
above-described substituents include a halogen atom (—F,
—Br, —Cl1, —I), a hydroxyl group, an alkoxy group, an
aryloxy group, a mercapto group, an alkylthio group, an
arylthio group, an alkyldithio group, an aryldithio group, an
amino group, an N-alkylamino group, an N,N-dialkylamino
group, an N-arylamino group, an N,N-diarylamino group, an
N-alkyl-N-arylamino group, an acyloxy group, a carbamoy-
loxy group, an N-alkylcarbamoyloxy group, an N-arylcar-
bamoyloxy group, an N,N-dialkylcarbamoyloxy group, an
N.N-diarylcarbamoyloxy group, an N-alkyl-N-arylcarbam-
oyloxy group, an alkylsulfoxy group, an arylsulfoxy group,
an acylthio group, an acylamino group, an N-alkylacylamino
group, an N-arylacylamino group, a ureido group, an N'-alky-
lureido group, an N',N'-dialkylureido group, an N'-arylureido
group, an N',N'-diarylureido group, an N'-alkyl-N'-arylureido
group, an N-alkylureido group, an N-arylureido group, an
N'-alkyl-N-alkylureido group, an N'-alkyl-N-arylureido
group, an N',N'-dialkyl-N-alkylureido group, an N',N'-di-
alkyl-N-arylureido group, an N'-aryl-N-alkylureido group, an
N'-aryl-N-arylureido group, an N'.N'-diaryl-N-alkylureido
group, an N',N'-diaryl-N-arylureido group, an N'-alkyl-N'-
aryl-N-alkylureido group, an N'-alkyl-N'-aryl-N-arylureido
group,
an alkoxycarbonylamino group, an aryloxycarbonylamino
group, an N-alkyl-N-alkoxycarbonylamino group, an
N-alkyl-N-aryloxycarbonylamino group, an N-aryl-N-
alkoxycarbonylamino group, an N-aryl-N-aryloxycarbony-
lamino group, a formyl group, an acyl group, a carboxyl
group, an alkoxycarbonyl group, an aryloxycarbonyl group, a
carbamoyl group, an N-alkylcarbamoyl group, an N,N-di-
alkylcarbamoyl group, an N-arylcarbamoyl group, an N,N-
diarylcarbamoyl group, an N-alkyl-N-arylcarbamoyl group,
an alkylsulfinyl group, an arylsulfinyl group, an alkylsulfonyl
group, an arylsulfonyl group, a sulfo group (—SO;H) and the
conjugate base thereof (referred to as “sulfonato group™), an
alkoxysulfonyl group, an aryloxysulfonyl group, a sulfi-
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namoyl group, an N-alkylsulfinamoyl group, an N,N-dialkyl-
sulfinamoyl group, an N-arylsulfinamoyl group, an N,N-dia-
rylsulfinamoyl group, an N-alkyl-N-arylsulfinamoyl group, a
sulfamoyl group, an N-alkylsulfamoyl group, an N,N-di-
alkylsulfamoyl group, an N-arylsulfamoyl group, an N,N-
diarylsulfamoyl group, an N-alkyl-N-arylsulfamoyl group,
an N,N-diarylsulfamoyl group, an N-alkyl-N-arylsulfamoyl
group,

a phosphono group (—PO,H,) and the conjugate base thereot
(referred to as “phosphonato group”), a dialkylphosphono
group (—PO;(alkyl),) (wheremn “alkyl” means an alkyl
group; heremnafter the same), a diarylphosphono group
(—PO,(aryl),) (wherein “aryl” means an aryl group; herein-
after the same), an alkylarylphosphono group (—PO,(alkyl)
(aryl)), amonoalkylphosphono group (—PO;(alkyl)) and the
conjugate base thereof (referred to as ““alkylphosphonato
group’’), a monoarylphosphono group (—PO;(aryl)) and the
conjugate base thereol (referred to as “‘arylphosphonato
group’’), a phosphonoxy group (—OPO.H,) and the conju-
gate base thereof (referred to as “phosphonatoxy group”), a
dialkylphosphonoxy group (—OPO,(alkyl),), a dia-
rylphosphonoxy group (—OPO,(aryl),), an alky-

larylphosphonoxy  group  (—OPO,(alkyl)(aryl)), a
monoalkylphosphonoxy group (—OPO;H(alkyl)) and the

conjugate base thereof (referred to as “alkylphosphonatoxy
group’’), a monoarylphosphonoxy group (—OPO;H(aryl))
and the conjugate base thereof (referred to as “arylphospho-
natoxy group’’), a cyano group, a nitro group, an aryl group,
an alkenyl group, an alkynyl group, a heterocyclic group, and
a silyl group.

Specific examples of the alkyl moiety 1n the above-de-
scribed substituent mtroducible mto the alkyl group are the
same as in the case where R*" to R>> each represents a sub-
stituted alkyl group, with preferred ranges thereof being also
the same as described there.

Also, specific examples of the aryl moiety 1n the above-
described substituent introducible into the alkyl group
include a phenyl group, a biphenyl group, a naphthyl group, a
tolyl group, a xylyl group, a mesityl group, a cumenyl group,
a chlorophenyl group, a bromophenyl group, a chlorometh-
ylphenyl group, a hydroxyphenyl group, a methoxyphenyl
group, an ethoxyphenyl group, a phenoxyphenyl group, an
acetoxyphenyl group, a benzoyloxyphenyl group, a meth-
ylthiophenyl group, a phenylthiophenyl group, a methylami-
nophenyl group, a dimethylaminophenyl group, an acety-
laminophenyl group, a carboxyphenyl group, a
methoxycarbonylphenyl group, an ethoxyphenylcarbonyl
group, a phenoxycarbonylphenyl group, an N-phenylcarbam-
oylphenyl group, a cyanophenyl group, a sulfophenyl group,
a sulfonatophenyl group, a phosphonophenyl group, and a
phosphonatophenyl group.

As the alkenyl group of the monovalent organic group,
there can be illustrated alkenyl groups containing from 2 to 20
carbon atoms. Among them, alkenyl groups containing from
2 to 10 carbon atoms are preferred, and alkenyl groups con-
taining from 2 to 8 carbon atoms are more preferred. The
alkenyl group may further have a substituent. Examples of
introducible substituents include a halogen atom, an alkyl
group, a substituted alkyl group, an aryl group, and a substi-
tuted aryl group, with a halogen atom and a straight, branched
or cyclic alkyl group containing from 1 to 10 carbon atoms
being preferred. Specific examples of the alkenyl group
include a vinyl group, a 1-propenyl group, a 1-butenyl group,
a cinnamyl group, a 1-pentenyl group, a 1-hexenyl group, a
1-octenyl group, a 1-methyl-1-propenyl group, a 2-methyl-1-
propenyl group, a 2-methyl-1-butenyl group, a 2-phenyl-1-
ethenyl group, and a 2-chloro-1-ethenyl group.
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As the alkynyl group of the monovalent organic group,
there can be illustrated alkynyl groups containing from 2 to 20
carbon atoms. Among them, alkynyl groups containing from
2 to 10 carbon atoms are preferred, and alkynyl groups con-
taining from 2 to 8 carbon atoms are more preferred. Specific
examples thereol include an ethynyl group, a 1-propynyl
group, a 1-butynyl group, a phenylethynyl group, and a trim-
cthylsilylethynyl group.

As the aryl group of the monovalent organic group, there
can be illustrated a benzene ring, a condensed ring wherein
two or three benzene rings are condensed, and a condensed
ring wherein a benzene ring and a S-membered unsaturated
ring are condensed with each other. Specific examples thereof
include a phenyl group, a naphthyl group, an antryl group, a
phenanthryl group, an indenyl group, an acenaphthenyl
group, and a fluorenyl group. Of these, a phenyl group and a
naphthyl group are more preferred.

The above-described aryl group may have a substituent on
the nng-forming carbon atom and, as such substituent, there
are 1llustrated monovalent substituents constituted by non-
metal atoms. As preferred examples of the substituents to be
introduced, there can be 1llustrated the foregoing alkyl group,
substituted alkyl group, and those which have been described
in the description about substituents in the substituted alkyl
group.

As the heterocyclic group of the monovalent organic
group, 3- to 8-membered heterocyclic groups are preferred,
3- to 6-membered heterocyclic groups containing nitrogen
atom, oxygen atom and/or sulfur atom are more preferred,
and 5- to 6-membered heterocyclic groups containing nitro-
gen atom, oxygen atom and/or sulfur atom are still more
preferred. Specific examples thereol 1include a pyrrole ring
group, a furan ring group, a thiophene ring group, a benzopy-
rrole ring group, a benzofuran ring group, a benzothiophene
ring group, a pyrazole ring group, an 1soxazole ring group, an
1sothiazole ring group, an indazole ring group, a benzo1sox-
azole ring group, a benzoisothiazole ring group, an imidazole
ring group, an oxazole ring group, a thiazole ring group, a
benzimidazole ring group, a benzoxazole ring group, a ben-
zothiazole ring group, a pyridine ring group, a quinoline ring
group, an isoquinoline ring group, a pyridazine ring group, a
pyrimidine ring group, a pyrazine ring group, a phthalazine
ring group, a quinazoline ring group, a quinoxaline ring
group, an aziridine ring group, a phenanthrizine ring group, a
carbazole ring group, a purine ring group, a pyranring group,
a piperidine ring group, a piperazine ring group, a morpholine
ring group, an indole ring group, an mndolizine ring group, a
chromene ring group, a cinnoline ring group, an acridine ring
group, a phenothiazine ring group, a tetrazole ring group, and
a triazine ring group.

Also, the heterocyclic groups may have a substituent on the
ring-forming carbon atom and, as such substituents, there are
1llustrated monovalent substituents constituted by non-metal
atoms. As preferred examples to be introduced, there can be
illustrated the aforesaid alkyl group, substituted alkyl group,
and those which have been described 1n the description about
the substituents in the substituted alkyl group.

The silyl group of the monovalent organic group may have
a substituent, and a silyl group containing from 0 to 30 carbon
atoms 1s preferred, a silyl group containing from 3 to 20
carbon atoms 1s more preferred, and a silyl group containing
from 3 to 10 carbon atoms 1s still more preferred. Specific
examples thereof include a trimethylsilyl group, a triethylsi-
lyl group, a tripropylsilyl group, a triisopropylsilyl group, a
cyclohexyldimethylsilyl group, and a dimethylvinylsilyl
group.
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The thiol group of the monovalent organic group repre-
sented by R*" to R may have a substituent, and a thiol group
containing from O to 30 carbon atoms are preferred, a thiol
group containing from 3 to 20 carbon atoms 1s more pre-
terred, and a thiol group containing from 1 to 10 carbon atoms
1s still more preferred. Specific examples thereof include a
mercaptomethyl group, a mercaptoethyl group, a 4-mercap-
tocyclohexyl group, and a 4-mercaptophenyl group.

The thioether group of the monovalent organic group may
have a substituent, and a thioether group containing from O to
30 carbon atoms are preferred, a thioether group containing
from 3 to 20 carbon atoms 1s more preferred, and a thioether
group containing from 1 to 10 carbon atoms 1s still more
preferred.

Specific examples thereof include an alkylthio group such
as a methylthio group, an ethylthio group, and a cyclohexy-
Ithio group; and an arylthio group such as a phenylthio group.

As the substituted oxy group (R°°O—), a group wherein
R®° is a monovalent group comprising non-metal atoms
excluding a hydrogen atom can be used. Preferred substituted
oxy groups include an alkoxy group, an aryloxy group, an
acyloxy group, a carbamoyloxy group, an N-alkylcarbamoy-
loxy group, an N-arylcarbamoyloxy group, an N,N-dialkyl-
carbamoyloxy group, an N,N-diarylcarbamoyloxy group, an
N-alkyl-N-arylcarbamoyloxy group, an alkylsulfoxy group,
an arylsulfoxy group, a phosphonoxy group, and a phospho-
natoxy group. As the alkyl group and the aryl group in these
groups, there can be 1illustrated the foregoing alkyl group,
substituted alkyl group, the aryl group, and the substituted
aryl group. Also, as the acyl group (R”/CO—) in the acyloxy
group, the alkyl group, substituted alkyl group, aryl group,
and substituted aryl group having been 1llustrated as forego-
ing examples can be illustrated. Of these substituents, an
alkoxy group, an aryloxy group, an acyloxy group, and an
arylsulfoxy group are more preferred. Specific examples of
preferred substituted oxy group include a methoxy group, an
cthoxy group, a propyloxy group, an 1sopropyloxy group, a
butyloxy group, a pentyloxy group, a hexyloxy group, a dode-
cyloxy group, a benzyloxy group, an allyloxy group, a phen-
cthyloxy group, a carboxyethyloxy group, a methoxycarbo-
nylethyloxy group, an ethoxycarbonylethyloxy group, a
methoxyethoxy group, a phenoxyethoxy group, a methoxy-
cthoxyethoxy group, an ethoxyethoxyethoxy group, a mor-
pholinoethoxy group, a morpholinopropyloxy group, an ally-
loxyethoxyethoxy group, a phenoxy group, a tolyloxy group,
a xylyloxy group, a mesityloxy group, a cumenyloxy group,
a methoxyphenyloxy group, an ethoxyphenyloxy group, a
chlorophenyloxy group, a bromophenyloxy group, an acety-
loxy group, a benzoyloxy group, a naphthyloxy group, a
phenylsulifonyloxy group, a phosphonoxy group, and a phos-
phonatoxy group.

The amino group as the monovalent organic group may be
a substituted amino group including an amido group. As the
substituted amino group (R**NH— or (R*)(R°'“)N—)
including an amido group, a group wherein R”®, R”, and
R°'Y) each is a monovalent group comprising non-metal
atoms excluding a hydrogen atom can be used. Additionally,
R" and R may be connected to each other to form a ring.
Preferred examples of the substituted amino group include an
N-alkyl amino group, an N,N-dialkylamino group, an N-ary-
lamino group, an N,N-diarylamino group, an N-alkyl-N-ary-
lamino group, an acylamino group, an N-alkylacylamino
group, an N-arylacylamino group, a ureido group, an N'-alky-
lureido group, an N',N'-dialkylureido group, an N'-arylureido
group, an N',N'-diarylureido group, an N'-alkyl-N'-arylureido
group, an N-alkylureido group, an N-arylureido group, an
N'-alkyl-N-alkylureido group, an N'-alkyl-N-arylureido
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group, an N',N'-dialkyl-N-alkylureido group, an N'-alkyl-N'-
arylureido group, an N',N'-dialkyl-N-alkylureido group, an
N'.N'-dialkyl-N'-arylureido group, an N'-aryl-N-alkylureido
group, an N'-aryl-N-arylureido group, an N'.N'-diaryl-N-
alkylureido group, an N'.N'-diaryl-N-arylureido group, an
N'-alkyl-N'-aryl-N-alkylureido group, an N'-alkyl-N'-ary]-N-
arylureido group, an alkoxycarbonylamino group, an ary-
loxycarbonylamino group, an N-alkyl-N-alkoxycarbony-
lamino group, an N-alkyl-N-aryloxycarbonylamino group,
an N-aryl-N-alkoxycarbonylamino group, and an N-aryl-N-
aryloxycarbonylamino group. As the alkyl group and the aryl
group 1n these groups, there can be illustrated the foregoing
alkyl group, substituted alkyl group, the aryl group, and the
substituted aryl group. R®’ in the acyl group (R”’CO—) in the
acylamino group, N-alkylacylamino group and N-arylacy

lamino group 1s as described hereinbefore. Of these, more
preferred are an N-alkylamino group, an N,N-dialkylamino
group, an N-arylamino group, and an acylamino group. Spe-
cific preferred examples of the substituted amino group
include a methylamino group, an ethylamino group, a diethy-
lamino group, a morpholino group, a piperidino group, a
pyrrolidino group, a phenylamino group, a benzoylamino
group, and an acetylamino group.

As the substituted sulfonyl group (R”"'—S0O,—) of the
monovalent organic group, a substituted sulfonyl group
wherein R”!' is a monovalent group comprising non-metal
atoms can be used. More preferred examples thereof include
an alkylsulfonyl group, an arylsulfonyl group, and a substi-
tuted or unsubstituted sulfamoyl group. As the alkyl group
and the aryl group 1n these groups, there can be illustrated the
foregoing alkyl group, substituted alkyl group, the aryl group,
and the substituted aryl group. Specific examples of such
substituted sulfonyl group include a butylsulfonyl group, a
phenylsulfonyl group, a chlorophenylsulfonyl group, a sulia-
moyl group, an N-alkylsulfamoyl group, an N,N-dialkylsul-
famoyl group, an N—arylsulfamoyl group, and an N-alkyl-
N-arylsulfamoyl group.

The sulfonato group (—S0O;™) as the monovalent organic
group means a conjugate base anion group of a sulfo group
(—SO,H), and 1t 1s usually preterred to use 1t together with a
counter cation. As such counter cation, there are illustrated
generally known ones, 1.e., various ontums (an ammonium, a
sulfontum, a phosphonium, an 10donium, an azinium, etc.)
and metal ions (Na*, K*, Ca”™*, Zn"* etc.).

As the substituted carbonyl group (R”'*°*—CO—) of the
monovalent organic group, a group wherein R°" is a
monovalent group comprising non-metal atoms can be used.
Preferred examples of the substituted carbonyl group 1nclude
a formyl group, an acyl group, a carboxyl group, an alkoxy-
carbonyl group, an aryloxycarbonyl group, a carbamoyl
group, an N-alkylcarbamoyl group, an N,N-dialkylcarbam-
oyl group, an N-arylcarbamoyl group, an N,N-diarylcarbam-
oyl group, and an N-alkyl-N'-arylcarbamoyl group. As the
alkyl group and the aryl group in these groups, there can be
illustrated the foregoing alkyl group, substituted alkyl group.,
the aryl group, and the substituted aryl group. Of these, a
tormyl group, an acyl group, a carboxyl group, an alkoxycar-
bonyl group, an aryloxycarbonyl group, a carbamoyl group,
an N-alkylcarbamoyl group, an N,N-dialkylcarbamoyl
group, and an N-arylcarbamoyl group are more preferred
substituted carbonyl groups. Still more preferred are a formyl
group, an acyl group, an alkoxycarbonyl group, and an ary-
loxycarbonyl group. Specific examples of preferred substi-
tuted carbonyl group include a formyl group, an acetyl group,
a benzoyl group, a carboxyl group, a methoxycarbonyl group,
an ethoxycarbonyl group, an allyloxycarbonyl group, a dim-
cthylaminophenylethenylcarbonyl group, a methoxycarbon-
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ylmethoxycarbonyl group, an N-methylcarbamoyl group, an
N-phenylcarbamoyl group, an N,N-diethylcarbamoyl group,
and a morpholinocarbonyl group.

As the substituted sulfinyl group (R***—SO—) of the
monovalent organic group, a group wherein R°'* is a
monovalent group comprising non-metal atoms can be used.
Preferred examples thereof include an alkylsulfinyl group, an
arylsulfinyl group, a sulfinamoyl group, an N-alkylsulfi-
namoyl group, an N,N-dialkylsulfinamoyl group, an N-aryl-
sulfinamoyl group, an N,N-diarylsulfinamoyl group, and an
N-alkyl-N-arylsulfinamoyl group. As the alkyl group and the
aryl group 1n these groups, there can be illustrated the fore-
going alkyl group, substituted alkyl group, the aryl group, and
the substituted aryl group. Of these, an alkylsulfinyl group
and an arylsulfinyl group are more preferred examples. Spe-
cific examples of such substituted sulfinyl group include a
hexylsulfinyl group, a benzylsulfinyl group, and a tolylsulfi-
nyl group.

The substituted phosphono group of the monovalent
organic group means a phosphono group wherein one or two
of the hydroxyl groups are substituted by other organic oxo
groups, and preferred examples thereof include the aforesaid
dialkylphosphono group, diarylphosphono group, alky-
larylphosphono group, monoalkylphosphono group, and
monoarylphosphono group. Of these, a dialkylphosphono
group and a diarylphosphono group are more preferred. Spe-
cific examples thereof include a diethylphosphono group, a
dibutylphosphono group, and a diphenylphosphono group.

The phosphonato group (—PO,H,—, —PO,H—) means a
conjugate base anion group dertved from acid first dissocia-
tion or acid second dissociation of a phosphono group
(—POsH,). Usually, this group is preferably used 1n combi-
nation with a counter cation. Examples of the counter cation
include commonly known cations, that 1s, various oniums
(e.g., ammoniums, sulfoniums, phosphoniums, 1odoniums,
and aziniums) and metal ions (e.g., Na*, K*, Ca**, and Zn*").

The substituted phosphonato group 1s a conjugate base
anion group of the above-described substituted phosphono
groups wheremn one hydroxyl group 1s substituted by an

organic oxo group. Specific examples thereol include the
aforesaid conjugate base of a monoalkylphosphono group
(—PO;H(alkyl)) and a conjugate base of a
monoarylphosphono group (—PO,H(aryl)).

In addition, any two of R*” to R*” may form one or more
rings, any two of R*" to R** may form one or more rings, any
two of R* to R*” may form one or more rings, and any two of
R>" to R>> may form one or more rings.

In the following general formula (9), R" to R®, Q', Q°, T,
T°, X, A™, and B~ are the same as defined with respect to the
general formula (3), and Y™ 1s the same as described with
respect to the general formula (4).

General formula (9)
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In the mvention, specific examples of the particular cya-
nine dyes (A) which can preferably be used include the fol-
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lowing illustrative compounds (IR-1) to (IR-82) which, how-
ever, do not limit the 1invention in any way.
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The particular cyamine dye (A) may be added to the same
layer as that which contains other components of the photo-
sensitive composition or to a differently provided layer. The
dye 1s added so that, upon preparation of a lithographic print-
ing plate precursor, the absorbance of the image recording
layer at the maximum absorption wavelength 1n the range of
from 760 nm to 1,200 nm 1n wavelength falls within the range
of from 0.3 to 1.2, preferably from 0.4 to 1.1 by reflection
measuring method. When the dye 1s added to the composition
within this range, the polymerization reaction proceeds uni-
formly in the depth direction of the image recording layer,
resulting 1n good film strength of 1mage areas and good adhe-
s10n properties to the support.
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The absorbance of the image recording layer can be
adjusted through the amount of the infrared ray absorbent
added to the image recording layer and through the thickness
of the image recording layer. The absorbance can be mea-
sured 1n a conventional manner. As the method for measuring
the absorbance, there are illustrated, for example, a method of
forming on a reflective support such as aluminum an image
recording layer having a dry thickness properly determined in
a range necessary as a lithographic printing plate, and mea-
suring the retlection density by means of an optical densito-
meter and a method of measuring according to a reflection
method using an integrating sphere by means of a spectro-
photometer.

The addition amount of the particular cyamine dye (A) to

the 1mage recording layer 1s preferably from 0.1 to 30% by
welghts more preferably from 0.5 to 20% by weight, still
more preferably from 1 to 10% by weight, based on the
weight of the whole solid components.

<Other Infrared Ray Absorbents>

In the 1image recording layer of the mvention may be used
other inifrared ray absorbents together with the particular
cyanine dye (A) within the range ol not spoiling the invention.
Examples of such other infrared ray absorbents include
known infrared ray absorbing dyes and pigments.

As the infrared ray absorbents, commercially available
dyes and known dyes described 1n literature (such as Senryo
Binran (Dye Handbook) edited by Yuki Gose1 Kagaku Kyo-
ka1 (Organic Synthetic Chemistry Association), published in
1970) can be used. Specifically, examples thereof include azo
dyes, metal complex salt azo dyes, pyrazolone azo dyes,
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naphthoquinone dyes, anthraquinone dyes, phthalocyanine
dyes, carbonium dyes, quinoneimine dyes, methine dyes,
cyanine dyes, squarylium pigments, pyrylium salts, metal
thiolate complexes and the like. Examples of preferred dyes
include cyanine dyes described in JP-A-38-125246, JP-A-39-
84356, and JP-A-60-78787; methine dyes described 1n JP-A-
38-173696, JP-A-58-181690, and JP-A-58-194593; naph-
thoquinone dyes described i JP-A-38-112793, JP-A-38-
224793, JP-A-59-48187, JP-A-59-73996, JP-A-60-52940,
and JP-A-60-63744; squarylium dyes described 1in JP-A-38-
112792; and cyanine dyes described in U.K. Patent No. 434,
873.

In addition, near infrared absorption sensitizing agents
described in U.S. Pat. No. 5,156,938 can be preferably used.
Moreover, substituted aryl benzo(thio)pyrylium salts
described 1n U.S. Pat. No. 3,881,924; trimethine thiopyry-
lium salts described in JP-A-57-142645 (U.S. Pat. No. 4,327,
169); pyrylium-contaiming compounds described in JP-A-38-
181031, JP-A-38-220143, JP-A-5941363, JP-A-59-84248,
JP-A-59-84249, JP-A-59146063, and JP-A-59-146061; cya-
nine dyes described 1in JP-A-59-216146; pentamethine thi-
opyrylium salts disclosed in U.S. Pat. No. 4,283,475, and
pyrylium compounds described 1n JP-B-5-13514 and JP-B-
5-19702 can be preferably used as well. Further, near infrared
absorption dyes represented by formulae (1) and (1I) disclosed
i U.S. Pat. No. 4,756,993 can be 1illustrated as other
examples of preterable dyes.

Further, as other preferred examples of the infrared ray
absorbing dyes of the invention include those particular indo-
leninecyanmine dyes as illustrated below described 1n JP-A-

2002-2773057.
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Among these dyes, particularly preferred are cyanine dyes,
squarylium dyes, pyrylium salts, nickel thiolate complexes,

and indoleninecyanine dyes. From the standpoint of change
in color due to electron transier, those dyes are preferred
which have within the molecule a 5-membered ring, 1n par- 3
ticular, a nitrogen-containing 3S-membered ring. Cyanine
dyes and 1indoleninecyanine dyes are more preferred and, as
one particularly preferred example, there are illustrated cya-

nine dyes represented by the following general formula (1).
10

General formula (1)
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In the general formula (i), X' represents a hydrogen atom,
a halogen atom, —N(Aryl),, X*-L" or a group represented by
the following structural formula. Here, Aryl represents an aryl
group which may have a substituent, X* represents an oxygen
atom, a nitrogen atom or a sulfur atom, and L' represents a 25
hydrocarbon group containing from 1 to 12 carbon atoms, a
hetero atom-containing aromatic ring, or a hetero atom-con-
taining hydrocarbon group containing from 1 to 12 carbon
atoms. Additionally, the term “hetero atom™ means N, S, O,
halogen atom or Se. 30

In the following formula, X ™ 1s the same as defined for 7~
to be described hereinafter, and R” represents a substituent
selected from among a hydrogen atom, an alkyl group, an aryl
group, and a substituted or unsubstituted amino group.

=
_W\\_//é R

d

35

40

R' and R”* each independently represents a hydrocarbon
group containing from 1 to 12 carbon atoms. In view of
storage stability of a coating solution for forming the record- 45
ing layer, R" and R” each preferably represents a hydrocarbon
group containing 2 or more carbon atoms and, particularly
preferably, R' and R* are connected to each other to form a 5-
or 6-membered ring.

Ar' and Ar®, which may be the same or different, each 50
represents an aromatic hydrocarbon group which may have a
substituent. Preferred examples of the aromatic hydrocarbon
group include a benzene ring and a naphthalene ring. Pre-
ferred examples of the substituent include a hydrocarbon
group containing 12 or less carbon atoms, a halogen atom, 55
and an alkoxy group containing 12 or less carbon atoms, with
a hydrocarbon group containing 12 or less carbon atoms and
an alkoxy group containing 12 or less carbon atoms being
most preferred. Y' and Y*, which may be the same or differ-
ent, each represents sulfur atom or a dialkylmethylene group 60
containing 12 or less carbon atoms. R® and R*, which may be
the same or different, each represents a hydrocarbon group
containing 20 or less carbon atoms which may have a sub-
stituent. Preferred substituents include an alkoxy group con-
taining 12 or less carbon atoms, a carboxyl group, and a sulfo 65
group, with an alkoxy group containing 12 or less carbon
atoms being most preferred. R°, R°, R’, and R®, which may be

40

the same or different, each represents a hydrogen atom or a
hydrocarbon group containing 12 or less carbon atoms, with
a hydrogen atom being preferred in view of availability of
starting materials. 7~ represents a counter anion. However,
with those cyanine dyes represented by the general formula
(11) which have an anionic substituent within 1ts structure and
which do not require neutralization of charge, 7 =~ 1s not
necessary. In view of storage stability of the coating solution
for forming the recording layer, preferred examples of 7 ~
include a halogen 10n, a perchlorate 10n, a tetratluoroborate
ion, a hexafluorophosphate 10n and a sulfonate 10n. Particu-
larly preferred are a perchlorate 10n, a tetratluoroborate 10n, a
hexafluorophosphate ion and an arylsulfonate 10n.

In addition, from the standpoint of improving plate-in-
specting properties, 7.~ 1s preferably an inorganic anion or a
counter anion of a strong acid. From such standpoint, there
are 1llustrated PF.~, BF,”; CF;S0O,", and C,F,SO,~. Of
these, PF ™ 1s the most preferred.

As specific examples of the cyanine dyes represented by
the general formula (1) and preferably used 1n the mvention,
there can be 1llustrated those dyes which are described in
JP-A-2001-133969, paragraph nos. [00177] to [0019].

In addition, other particularly preferred examples include
particular indoleninecyanine dyes described in the foregoing
JP-A-2002-278057,

As pigments to be used in the invention, commercially
available pigments and those pigments which are described 1n
the Color Index (C. 1.) Handbook; Saishin Ganryo Binran
(Newest Pigment Handbook) edited by Nippon Ganryo
Gijutsu Kyokail (Japan Pigment Technology Association),
published 1n 1977; Saishin Ganryo Oyo Gijutsu (Newest
Pigment Application Technology) by CMC Press, published
in 1986; and Insatsu Ink Gijutsu (Printing Ink Technology) by
CMC Press, published in 1984 can be utilized.

Examples of the pigments include black pigments, yellow
pigments, orange pigments, brown pigments, red pigments,
purple pigments, blue pigments, green pigments, fluorescent
pigments, metal powder pigments, and polymer-bonded pig-
ments. Specifically, msoluble azo pigments, azo take pig-
ments, condensation azo pigments, chelate azo pigments,
phthalocyanine pigments, anthraquinone pigments, perylene
and perynone pigments, thioindigo pigments, quinacridone
pigments, dioxazine pigments, isoindolinone pigments,
quinophthalone pigments, colored lake pigments, azine pig-
ments, nitroso pigments, nitro pigments, natural pigments,
fluorescent pigments, inorganic pigments, carbon black, and
the like can be used. Among these pigments, carbon black 1s
preferred.

These pigments may be used with or without surface treat-
ment. Examples of surface treatment methods include a
method of surface coating with a resin or a wax, a method of
depositing a surfactant, and a method of bonding a reactive
substance (such as a silane coupling agent, an epoxy com-
pound or polyisocyanate) with the pigment surface. The
above-mentioned surface treatment methods are described 1n
Kinzokusekken no Seishitsu to Oyo (Natures and Applica-
tions of Metal Soaps) by Sachi Press; Insatsu Ink Gijutsu
(Printing Ink Technology) by CMC Press, published in 1984;
and Saishin Ganryo Oyo Gijutsu (Newest Pigment Applica-
tion Technology) by CMC Press, published 1n 1986.

The particle size of the pigment 1s preferably in the range of
from 0.01 um to 10 um, more preferably 1n the range of from
0.05 um to 1 um, and particularly preferably in the range of
from 0.1 um to 1 um. Within this range, good stability of the
pigment dispersion in a coating solution for forming an 1image
recording layer and good uniformity of the image recording
layer can be obtained.
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Known dispersing methods employed 1n ink production or
toner production can be used as methods of dispersing the
pigment. Examples of dispersing machine include an ultra-
sonic dispersing machine, a sand mill, an attritor, a pearl maill,
a super mill, a ball mill, an 1impeller, a disperser, a KD mill, a
colloid mill, a dynatron, a triple roll mill, and a pressure
kneader. Details thereof are described 1n Saishin Ganryo Oyo
Gijutsu (Newest Pigment Application Technology) by CMC
Press, published 1n 1986.

These other infrared ray absorbents may be added to the
same layer as that which contains the particular cyamne dye
(A) and other components of the photosensitive composition
or to a differently provided layer. The dye 1s added so that,
upon preparation of a lithographic printing plate precursor,
the absorbance of the 1image recording layer containing the all
infrared ray absorbents including the particular cyamne dye
(A) at the maximum absorption wavelength 1n the range of
from 760 nm to 1,200 nm 1n wavelength falls within the range
of from 0.3 to 1.2, preferably from 0.4 to 1.1 by reflection
measuring method. Within this range, the polymerization
reaction proceeds uniformly in the depth direction of the
image recording layer, resulting i good film strength of
image areas and good adhesion properties to the support. The
absorbance of the image recording layer can be adjusted and
measured 1n the same manner as has been described herein-
betore.

The addition amount to the 1image recording layer 1s pret-
erably from 0.1 to 30% by weight, more preferably from 0.5
to 20% by weight, still more preferably from 1 to 10% by
weight, based on the total weight of the solid components in
the 1image recording layer. Additionally, the content of other
inirared ray absorbent to be used together with the particular
cyanine dye (A) 1s preferably from 0 to 100 mol % based on
the particular cyanine dye (A). Within this range, excellent
exposure sensitivity, and uniformity and strength of the film
can be obtained at the same time.

In the case where the photosensitive composition of the
invention 1s a negative-working responsive composition, a
polymerization initiator can be used, as needed, 1n addition to
the particular cyamine dye (A) having radical polymerization-
initiating ability.
<Polymerization Initiators>

The polymerization initiators to be used 1n the invention
are compounds which generate a radical by the energy of
light, heat or both of them and 1nitiate and accelerate poly-
merization ol a compound having a polymerizable unsatur-
ated group. As the polymerization imtiators which can be
used 1n the mvention, there can be used known thermal poly-
merization initiators, compounds having a bond of small
bond dissociation energy, and photo polymerization initia-
tors. Compounds preferably usable in the invention and
capable of generating a radical are those compounds which
generate a radical by thermal energy and 1nitiate and acceler-
ate polymerization of a compound having a polymerizable
unsaturated group. As the thermally radical-generating
agents 1n accordance with the imnvention, known polymeriza-
tion nitiators and compounds having a bond of small bond
dissociation energy can properly be selected to use. In addi-
tion, compounds capable of generating a radical may be used
independently or 1n combination of two or more thereof.

Examples of the radical-generating compound include
organic halogen compounds, carbonyl compounds, organic
peroxides, azo polymerization initiators, azide compounds,
metallocene compounds, hexaarylbiimidazole compounds,
organic boric acid compounds, disulfonic acid compounds,
oxime ester compounds, and ontum salt compounds.
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The organic halogen compounds described above specifi-
cally include compounds described 1n Wakabayashi et al.,

Bull. Chem. Soc. Japan, 42, 2924 (1969), U.S. Pat. No. 3, 905
815, JP-B-46-4605, JP-A-48-36281, JP-A-55-32070, JP-A-
60-239736, JP-A-61-169835, JP-A-61-169837, JP-A-62-
58241, JP-A-62-212401, JP-A-63-70243, JP-A-63-298339
and M. P. Hutt, Journal of Heterocyclic Chemistry, 1, No. 3
(1970). Among them, oxazole compounds and s-triazine
compounds each substituted with a trihalomethyl group are
preferred.

More preferred are s-triazine derivatives in which at least
one mono-, di- or tri-halogen substituted methyl group 1is
connected to the s-triazine ring are preferred. Specific
examples thereol include 2.4,6-tris(monochloromethyl)-s-
triazine, 2,4,6-tris(dichloromethyl)-s-triazine, 2.,4,6-tr1s
(trichloromethyl)-s-triazine, 2-methyl-4,6-bis(trichlorom-
cthyl)-s-triazine, 2-n-propyl-4,6-bis(trichloromethyl)-s-
triazine, 2-(a,a,B-trichloroethyl)-4,6-bis(trichloromethyl)-s-
triazine, 2-phenyl-4,6-bis(trichloromethyl)-s-triazine, 2-(p-
methoxyphenyl)-4,6-bis(trichloromethyl)-s-triazine, 2-(3.4-
epoxyphenyl)-4,6-bis(trichloromethyl)-s-triazine, 2-(p-
chlorophenyl)-4,6-bis(trichloromethyl)-s-triazine,  2-[1(p-
methoxyphenyl)-2,4-butadienyl]-4,6-bis(trichloromethyl)-s-
triazine, 2-styryl-4,6-bis(trichloromethyl)-s-triazine, 2-(p-
methoxystyryl-4,6-bis(trichloromethyl)-s-triazine, 2-(p-
1sopropyloxystyryl)-4,6-bis(trichloromethyl)-s-triazine,
2-(p-tolyl)-4,6-bis(trichloromethyl)-s-triazine, 2-(4-methox-

ynaphthyl)-4,6-bis(trichloromethyl)-s-triazine, 2-phe-
nylthio-4,6-bis(trichloromethyl)-s-triazine, 2-benzylthio-4,
6-bis(trichloromethyl)-s-triazine, 2.,4,6-1r1s

(dibromomethyl)-s-triazine, 2.,4,6-tris(tribromomethyl)-s-
triazine, 2-methyl-4,6-bis(tribromomethyl)-s-triazine, and
2-methoxy-4,6-bis(tribromomethyl )-s-triazine.

The carbonyl compounds described above include ben-
zophenone derivatives such as benzophenone, Michler’s
ketone, 2-methylbenzophenone, 3-methylbenzophenone,
4-methylbenzophenone, 2-chlorobenzophenone, 4-bro-
mobenzophenone, and 2-carboxybenzophenone; acetophe-
none derivatives such as 2,2-dimethoxy-2-phenylacetophe-
none, 2,2-diethoxyacetophenone,
1 -hydroxycyclohexylphenylketone, a.-hydroxy-2-meth-
ylphenylpropanone, 1-hydroxy-1-methylethyl-(p-1sopropy-
Iphenyl))ketone, 1-hydroxy-1-(p-dodecylphenyl)ketone,
2-methyl-(4'-(methylthio))phenyl)-2-morpholino-1-pro-
panone, and 1,1,1-trichloromethyl-(p-butylphenyl)ketone;
thioxanthone derivatives such as thioxanthone, 2-ethylthiox-
anthone, 2-1sopropylthioxanthone, 2-chlorothioxanthone,
2.,4-dimethylthioxanthone, 2,4-diethylthioxanthone, and 2,4-
dusopropylthioxanthone; and benzoic acid ester dertvatives
such as ethyl p-dimethylaminobenzoate and ethyl p-diethy-
laminobenzoate.

As the azo compound, the azo compounds described 1n
JP-A-8-108621 can be used.

Examples of the organic peroxide compound include tri-
methyl cyclohexanone peroxide, acetyl acetone peroxide,
1,1-bis(tert-butylperoxy)-3,3,5-trimethyl-cyclohexane, 1,1-
bis(tert-butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)
butane, tert-butyl hydroperoxide, cumene hydroperoxide,
duisopropyl benzene hydroperoxide, 2,5-dimethylhexane-2,
S-dihydroperoxide, 1,1,3,3-tetramethylbutyl hydroperoxide,
tert-butyl cumyl peroxide, dicumyl peroxide, 2,5-dimethyl-
2,5-di(tert-butylperoxy)hexane, 2,5-oxanoyl peroxide, suc-
cinic acid peroxide, benzoyl peroxide, 2,4-dichlorobenzoyl
peroxide, diisopropyl peroxy dicarbonate, di-2-ethylhexyl
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peroxy dicarbonate, di-2-ethoxyethyl peroxy dicarbonate,
dimethoxy 1sopropyl peroxy carbonate, di(3-methyl-3-meth-
oxybutyl) peroxy dicarbonate, tert-butyl peroxy acetate, tert-
butyl peroxy pivalate, tert-butyl peroxy neodecanoate, tert-
butyl peroxy octanoate, tert-butyl peroxy laurate, tertiary
carbonate, 3,3'.4,4'-tetra-(t-butylperoxycarbonyl)benzophe-
none, 3,3".4,4'-tetra-(t-hexylperoxycarbonyl)benzophenone,
3,3".4.4'-tetra-(p-1sopropylcumylperoxycarbonyl)benzophe-
none, carbonyl di(t-butylperoxy dihydrogen diphthalate), and
carbonyl di(t-hexylperoxy dihydrogen diphthalate).

As the metallocene compound, there are 1llustrated various
titanocene compounds described 1n JP-A-59-152396, JP-A-
61-151197, JP-A-63-41484, JP-A-2-249; JP-A-2-4705 and
JP-A-5-83588. Examples thereol include di-cyclopentadi-

enyl-Ti-bis-phenyl, di-cyclopentadienyl-Ti-bis-2,6-difluo-
rophen-1-vyl, di-cyclopentadienyl-Ti-b1s-2,4-difluorophen-1-
yl, di-cyclopentadienyl-Ti-bis-2,4,6-trifluorophen-1-vyl,
l1-cyclopentadienyl-Ti-bis-2,3,5,6-tetratluorophen-1-vl,

e

C
di-cyclopentadienyl-Ti-bis-2,3,4,5,6-pentatluorophen-1-yl,
C

C

l1-methylcyclopentadienyl-T1-bis-2,6-difluorophen-1-yl,
l1-methylcyclopentadienyl-T1-bis-2,4,6-trifluorophen-1-yl

di-methylcyclopentadienyl-Ti1-bi1s-2,3,35,6-tetrafluorophen-
1-yl, di-methylcyclopentadienyl-Ti-bis-2,3,4,5,6-pentatluo-
rophen-1-vyl, and 1ron-arene complexes described 1n JP-A-1-
304453 and JP-A-1-152109.

As the hexaaryl biimidazole compound, there are 1llus-
trated, for example, various compounds described 1n JP-B-6-
29285, U.S. Pat. Nos. 3,479,185, 4,311,783, and 4,622,286.
Specific examples thereof include 2,2'-bis(o-chlorophenyl)-
4.4')5,5"-tetraphenylbiimidazole, 2,2'-bis(o-bromophenyl))-
4.4')5,5"-tetraphenylbiimidazole, 2,2'-bis(o,p-dichlorophe-
nyl)-4,4',5,5" -tetraphenylbiimidazole, 2,2'-bis(o-
chlorophenyl)-4.4",5,5"-tetra(m-methoxyphenyl)
biimidazole, 2,2'-b1s(0,0'-dichlorophenyl)-4,4',5,5'-
tetraphenylbuimidazole,  2,2'-bis(o-nitrophenyl)-4,4',3,5'-
tetraphenylbiimidazole, 2,2'-bis(o-methylphenyl)-4,4'.5,5'-
tetraphenylbiimidazole, and 2,2'-bis(o-trifluorophenyl)-4,4',
5,5 -tetraphenylbiimidazole.

Examples of the organic borate compound include organic

borate compounds described 1n JP-A-62-143044, JP-A-62-
150242, JP-A-9-188685, JP-A-9-188686, JP-A-9-188710,
JP-A-2000-131837, JP-A-2002-107916, Japanese Patent No.
2764769, JP-A-2002-116539, and Kunz, Martin, Rad Tech
"98, Proceeding Apr. 19-22, 1998, Chicago; organic boron
sulfonium complexes and organic boron oxosulfonium com-
plexes described in JP-A-6-157623, JP-A-6-173564 and
JP-A-6-175561; organic boron 1odonium complexes
described 1 JP-A-6-175554 and JP-A 6-175553; organic
boron phosphonium complexes described 1n JP-A-9-188710;
and organic boron transition metal coordination complexes
described 1n JP-A-6-348011, JP-A-7-128785, IJP-A-7-
140589, JP-A 7-306527, and JP-A-7-292014.

As the disulfone compound, there are illustrated the com-
pounds described 1 JP-A-61-166544 and JP-A-2003-
328463.

As the oxime ester compound, there are illustrated the
compounds described in J. C. S. Perkin 11 (1979) 1633-1660),
I. C. S. Perkin II (1979) 156-162, Journal of Photopolymer
Science and Technology (1995) 202-232 and JP-A-2000-
663835, the compounds described 1n JP-A-2000-80068 and,
specifically, the compounds shown by the following struc-
tures.
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Examples of the onium salt compound 1nclude diazontum
salts described 1n S. 1. Schlesinger, Photogr. Sci. Eng., 18,387
(1974) and T. S. Bal et al., Polymer, 21, 423 (1980); ammo-
nium salts described 1n U.S. Pat. No. 4,069,055 and JP-A-4-
365049; phosphonium salts described 1n U.S. Pat. Nos. 4,069,
055 and 4,069,056; 10donium salts described in FEuropean
Patent No. 104,143, U.S. Pat. Nos. 339,049 and 410,201,
JP-A-2-150848 and JP-A-2-296514; sulfonium salts
described 1 European Patent Nos. 370,693, 390,214, 233,
567, 297,443 and 297,442, U.S. Pat. Nos. 4,933,377, 161,
811,410,201, 339,049, 4,760,013, 4,734,444 and 2,833,827,
and German Patent Nos. 2,904,626, 3,604,580 and 3,604,
S581;
selenonium salts described 1in J. V. Crivello et al., Macromol-
ecules, 10(6), 1307 (1977)and 1. V. Crivello et al., J. Polymer
Sci., Polymer Chem. Ed., 17,1047 (19°79); and arsonium salts
described 1n C. S. Wen et al., Teh, Proc. Cont. Rad. Curing

ASIA, p. 478, Tokyo, October (1988).
The oxime ester compounds, diazonium salts, 10dontum

salts, sulfonium salts, and ammonium salts are preferred from
the viewpoint of reactivity and stability. In the mvention,
these ontum salts function not as acid generators but as 10nic
radical polymerization imitiators.

In the invention, the onium salts represented by the follow-
ing formulae (RI-I) to (RI-IV) are preferably used.

RI-I
Al—N"=N ZzZ!I- =

AP'—T' —AR 72

(RI-1T)
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(RI-TIT)

(RI-IV)

In the formula (RI-1), Ar'' represents an aryl group con-
taining 20 or less carbon atoms, which may have 1 to 6
substituents, and preferred examples of the substituents
include an alkyl group containing from 1 to 12 carbon atoms,
an alkenyl at group containing from 1 to 12 carbon atoms, an
alkynyl group contaiming from 1 to 12 carbon atoms, an aryl
group containing from 1 to 12 carbon atoms, an alkoxy group
containing from 1 to 12 carbon atoms, an arvloxy group
containing from 1 to 12 carbon atoms, a halogen atom, an
alkylamino group containing from 1 to 12 carbon atoms, a
dialkylamino group containing from 1 to 12 carbon atoms,
alkyl amido group containing from 1 to 12 carbon atoms, an
aryl amido group containing from 1 to 12 carbon atoms, a
carbonyl group, a carboxyl group, a cyano group, a sulfonyl
group, a thioalkyl group containing from 1 to 12 carbon
atoms, and a thioaryl group containing from 1 to 12 carbon
atoms. Z''~ represents a monovalent anion and is a halogen
1i0n, a perchlorate 10n, a hexatluorophosphate 1on, a tetrafluo-
roborate 10on, a sulfonate 1on, a sulfinate 1on, a thiosulfonate
ion or a sulfate ion. Z''~ preferably represents a perchlorate
ion, a hexafluorophosphate ion, a tetrafluoroborate 1on, a
sulfonate 10n, or a sulfinate 10n 1n view of stability and view-
ability.

In the formula (RI-II), Ar*' and Ar** each independently
represents an aryl group containing 20 or less carbon atoms,
which may have 1 to 6 substituents, and preferred examples of
the substituents include an alkyl group containing from 1 to
12 carbon atoms, an alkenyl group containing from 1 to 12
carbon atoms, an alkynyl group containing from 1 to 12
carbon atoms, an aryl group containing from 1 to 12 carbon
atoms, an alkoxy group containing from 1 to 12 carbon atoms,
an aryloxy group containing ifrom 1 to 12 carbon atoms, a
halogen atom, an alkylamino group containing from 1 to 12
carbon atoms, a dialkylamino group contaiming from 1 to 12
carbon atoms, an alkylamido group containing from 1 to 12
carbon atoms, an arylamido group containing from 1 to 12
carbon atoms, a carbonyl group, a carboxyl group, a cyano
group, a sulfonyl group, a thioalkyl group containing from 1
to 12 carbon atoms, and a thioaryl group containing from 1 to
12 carbon atoms. Z*'~ represents a monovalent anion and is a
halogen 10n, a perchlorate 10n, a hexatluorophosphate 10n, a
tetratfluoroborate 10n, a sulfonate 10on, a sulfinate 10on, a thio-
sulfonate ion or a sulfate ion. Z*'~ preferably represents a
perchlorate 1on, a hexatluorophosphate 10n, a tetratluorobo-
rate 10n, a sulfonate 10n, a sulfinate 10n, or a carboxylate 1on in
view ol stability and viewability,

In the formula (RI-III), R*', R** and R*® each indepen-
dently represents an aryl group, alkyl group, alkenyl group or
alkynyl group containing 20 or less carbon atoms which may
have 1 to 6 substituents, and 1s preferably an aryl group in
view ol reactivity and safety. Preferred examples of the sub-
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stituents include an alkyl group containing from 1 to 12
carbon atoms, an alkenyl group containing from 1 to 12
carbon atoms, an alkynyl group containing from 1 to 12
carbon atoms, an aryl group containing from 1 to 12 carbon
atoms, an alkoxy group containing from 1 to 12 carbon atoms,
an aryloxy group containing from 1 to 12 carbon atoms, a
halogen atom, an alkylamino group containing from 1 to 12
carbon atoms, a dialkylamino group containing from 1 to 12
carbon atoms, an alkylamido group containing from 1 to 12
carbon atoms, an arylamido group containing from 1 to 12
carbon atoms, a carbonyl group, a carboxyl group, a cyano
group, a sulfonyl group, a thioalkyl group containing from 1
to 12 carbon atoms, and a thioaryl group containing from 1 to
12 carbon atoms. Z°'~ represents a monovalent anion of a
halogen 10n, a perchlorate 10n, a hexafluorophosphate 10n, a
tetratluoroborate 10n, a sulfonate 10on, a sulfinate 1on, a thio-
sulfonate ion or a sulfate ion. Z>'~ preferably represents a
perchlorate 1on, a hexatluorophosphate 10n, a tetratluorobo-
rate 1on, a sulfonate 10n, a sulfinate 1on, or a carboxylate ion
from the viewpoint of stability and reactivity. More preferred
are carboxylate 1ons described i JP-A-2001-343742, and
particularly preferred are carboxylate 1ons described 1n JP-A-
2002-148790.

In the formula (RI-IV), R”' represents an alkyl group con-
taining from 1 to 20 carbon atoms which may have a substitu-
ent, R**, R*, R*, R*, and R*° each independently repre-
sents an aryl group, alkyl group, alkenyl group or alkynyl
group containing 20 or less carbon atoms which may have 1
to 6 substituents, and 1s preferably an aryl group 1n view of
reactivity and safety. Preferred examples of the substituents
include an alkyl group containing from 1 to 12 carbon atoms,
an alkenyl group containing from 1 to 12 carbon atoms, an
alkynyl group containing from 1 to 12 carbon atoms, an aryl
group containing from 1 to 12 carbon atoms, an alkoxy group
contaiming from 1 to 12 carbon atoms, an aryloxy group
contaiming from 1 to 12 carbon atoms, a halogen atom, an
alkylamino group containing from 1 to 12 carbon atoms, a
dialkylamino group containing from 1 to 12 carbon atoms, an
alkylamido group containing from 1 to 12 carbon atoms, an
arylamido group contaiming from 1 to 12 carbon atoms, a
carbonyl group, a carboxyl group, a cyano group, a sulfonyl
group, a thioalkyl group containing from 1 to 12 carbon
atoms, and a thioaryl group containing from 1 to 12 carbon
atoms. R*! and R*?, R** and R**, R*® and R**, R** and R*",
and R* and R*°, may be connected to each other to form a
ring. Z°'~ represents a monovalent anion of a halogen ion, a
perchlorate 1on, a hexatluorophosphate 10n, a tetratluorobo-
rate 10n, a sulfonate 10n, a sulfinate 10n, a thiosulfonate 1on or
a sulfate ion. Z°'~ preferably represents a perchlorate ion, a
hexafluorophosphate 10n, a tetrafluoroborate 1on, a sulfonate
101, a sulfinate 10n, or a carboxylate 10n from the viewpoint of
stability and viewability.

Examples of the omium salts preferably used as the poly-
merization inmitiators in the invention are illustrated below
which, however, do not limit the invention 1n any way.
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Of these polymerization mitiators, those ontum salts which
have an morganic amion, e.g. PF.~ or BF,~, as a counter 1on
are preferred from the standpoint of improving viewability.
Further, diaryliodonium and ammonium are preferred as oni-
ums due to their excellent color-forming properties.

Use of such polymerization initiators having excellent
color-forming properties serves to more improve viewability
coupled with the effects of the particular cyanine dye (A).

The polymerization mitiator may be added 1n a content of
from 0.1 to 50% by weight, preferably from 0.5 to 30% by
weight, particularly preferably from 1 to 20% by weight,
based on the weight of the whole solid components constitut-
ing the image recording layer. When the content is within the
above range, high sensitivity and excellent stain resistance of
non-image areas during printing can be achieved. These poly-
merization mitiators may be used independently or 1n com-
bination of two or more thereof. The polymerization mitiator
may be added to the same layer as that which contains other
components or to a differently provided laver.

In the case where the photosensitive composition of the
invention 1s a negative-working responsive composition, it
turther contains a binder polymer (B) and a polymerizable
monomer (C) 1n addition to the above-described particular
cyanine dye (A).
<Binder Polymers (B)>

As the binder polymer which can be used in the invention,

conventionally known ones can be used with no limitations,
with film-forming linear organic polymers being preferred.
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Examples of such binder polymer include acryl resins, poly-
vinyl acetal resins, polyurethane resins, polyurearesins, poly-
imide resins, polyamide resins, epoxy resins, methacryl res-
ins, polystyrene series resins, novolak type phenolic resins,
polyester resins, synthetic rubbers, and natural rubbers.

In order to improve film strength 1n 1mage areas, the binder
polymer preferably has cross-linking properties. In order to
impart cross-linking properties to the binder polymer, it sui-
fices to introduce a cross-linkable functional group such as an
cthylenically unsaturated bond into the main chain or side
chain of a high polymer. The cross-linkable functional group
may also be itroduced by co-polymerization.

Examples of a polymer having an ethylenically unsatur-
ated bond 1n the main chain of the molecule include poly-1,
4-butadiene and poly-1,4-1soprene.

Examples of a polymer having an ethylenically unsatur-
ated bond 1n the side chain of the molecule include polymers
of esters or amides of acrylic acid or methacrylic acid wherein
the ester residue or amide residue (R in —COOR or CONHR)
has the ethylenically unsaturated bond.

Examples of the residue (R described above) having an
ethylenically unsaturated bond include —(CH.,),CR'—
CR'=—=CR*R’, —(CH,0),CH,CR'—CR"R”,
—(CH,CH,0),CH,CR'—CR’R°, —(CH,), NH—CO—
CH,CR'—CR°R’,—(CH,), —O—CO—CR'—CR”R”, and
(CH,CH,0O),—X (wherein R' to R> each represents a hydro-
gen atom, a halogen atom or an alkyl, aryl, alkoxy or aryloxy
group containing from 1 to 20 carbon atoms, R' and R* or R”
may be connected to each other to form a ring, n represents an
integer of from 1 to 10, and X represents a dicyclopentadienyl
residue).

Specific examples of the ester residue include
—CH,CH=—CH,, (described n JP-B-7-21633),
—CH,CH,0—CH,CH=—CH,, —CH,C(CH;)—CH.,,
—CH,CH—CH—CH.,—CH,CH,OCOCH—CH—C H.,
—CH,CH,—NHCOO—CH,CH—CH,, and
CH,CH,O—X (wherein X represents a dicyclopentadienyl
residue).

Specific examples of the amide residue include
—CH,CH=—CH,,, —CH,CH,—Y (wherein Y represents a

cyclohexene residue), and —CH,CH,—OCO—CH—CH.,,.

The cross-linkable binder polymer i1s cured by, for
example, addition of a free radical (a polymerization-initiat-
ing radical or a living radical 1n the middle of polymerization
of a polymerizable monomer) to the cross-linkable functional
group and subsequent addition polymerization directly
between polymer molecules or through a polymer chain of
the polymerizable monomer to form cross linkages between
polymer molecules. Or, atoms (for example, a hydrogen atom
on the carbon atom adjacent to the functional cross-linkable
group) of the polymer molecules are abstracted by free radi-
cals to generate polymer radicals, and the polymer radicals
are then bound to each other to form cross linkages between
polymer molecules, thus the binder polymer being cured.

The content of the cross-linkable group (content of radical-
polymerizable, unsaturated double bond measured by 10do-
metric titration) in the binder polymer 1s preterably from 0.1
to 10.0 mmol, more preferably from 1.0 to 7.0 mmol, most
preferably from 2.0 to 5.5 mmol. Within this range, there can
be obtained good sensitivity and good storage stability.

From the standpoint of improving on-machine develop-
ability, the binder polymer preferably has a high solubility or
dispersibility 1n an ink and/or dampening water.

In order to improve solubility or dispersibility 1n an ink,
oleophilic binder polymer 1s preferred whereas, 1n order to
improve solubility or dispersibility in dampening water,
hydrophilic binder polymer 1s preferred. Thus, 1n the mnven-
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tion, 1t 1s also eflective to use an oleophilic binder polymer
and a hydrophilic binder polymer in combination.

Preferred examples of the hydrophilic binder polymer
include those which have a hydrophilic group such as a
hydroxy group, a carboxyl group, a carboxylate group, a
hydroxyethyl group, a polyoxyethyl group, a hydroxypropyl
group, a polyoxypropyl group, an amino group, an aminoet-
hyl group, an aminopropyl group, an ammonium group, an
amido group, a carboxymethyl group, a sulfo group or a
phosphoric acid group.

Specific examples thereof include gum arabi, casein, gela-
tin, starch denivatives, carboxymethylcellulose and the
sodium salt thereot, cellulose acetate, sodium alginate, vinyl
acetate-maleic acid copolymers, styrene-maleic acid copoly-
mers, polyacrylic acids and the salts thereot, polymethacrylic
acids and the salts thereof, hydroxyethyl methacrylate
homopolymer and copolymer, hydroxyethyl acrylate
homopolymer and copolymer, hydroxypropyl methacrylate
homopolymer and copolymer, hydroxypropyl acrylate
homopolymer and copolymer, hydroxybutyl methacrylate
homopolymer and copolymer, hydroxybutyl acrylate
homopolymer and copolymer, polyethylene glycols, hydrox-
ypropylene polymers, polyvinyl alcohols, hydrolyzed poly-
vinyl acetate having a hydrolysis degree of 60 mol % or more,
preferably 80 mol % or more, polyvinyl formal, polyvinyl
butyral, polyvinylpyrrolidone, acrylamide homopolymer and
copolymer, methacrylamide homopolymer and copolymer,
N-methylolacrylamide homopolymer and copolymer, poly-
vinylpyrrolidone, alcohol-soluble nylon, and polyether
between 2,2-bis-(4-hydroxyphenyl)-propane and epichloro-
hydrin.

The weight-average molecular weight of the binder poly-
mer 1s preferably 5,000 or more, more preferably from 10,000
to 300,000, and the number-average molecular weight 1s
1,000 or more, more preferably from 2,000 to 250,000. The
polydiversity (weight-average molecular weight/number-av-
erage molecular weight) thereotf 1s preterably from 1.1 to 10.

The binder polymer may be either of random polymer and
block polymer, with random polymer being more preferred.
The binder polymers may be used independently or as a
mixture of two or more thereof.

The binder polymer can be synthesized according to con-
ventionally known processes. Examples of solvents to be
used upon synthesis include tetrahydrofuran, ethylene
dichlonide, cyclohexanone, methyl ethyl ketone, acetone,
methanol, ethanol, ethylene glycol monomethyl ether, ethyl-
ene glycol monoethyl ether, 2-methoxyethyl acetate, diethyl-
ene glycol dimethyl ether, 1-methoxy-2-propanol, 1-meth-
oxy-2-propyl acetate, N,N-dimethyliformamide, N,N-
dimethylacetamide, toluene, ethyl acetate, methyl lactate,
dimethylsulfoxide, and water. These are used independently
or as a mixture of two or more thereof.

As the radical polymerization mitiator to be used upon
synthesis of the binder polymer, known compounds such as
azo 1nitiators and peroxide 1nitiators can be used.

The content of the binder polymer (B) 1s from O to 90% by
weight, preferably from 0 to 80% by weight, more preferably
from O to 70% by weight, based on the weight of the whole
solid components of the image recording layer. Within this
range, there can be obtained good strength of image areas and
good 1mage-forming properties.

In the case of using the photosensitive composition of the
invention in a negative-working image recording layer, 1t 1s
preferred to further incorporate a polymerizable monomer
(C). Individual components 1n the photosensitive layer con-
stituting the negative-working image recording layer will be
described in detail hereinafter.
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Additionally, 1n view of the characteristic properties of the
invention, the cyanine dyes described 1n claims may naturally
be used 1n a positive-working image recording layer as well.
(This 1s apparent from the comparison of Examples 7 and 8
with Comparative Example 2.) As components constituting
the photosensitive composition to be used in the positive-
working image recording layer, those which are described in
JP-A-2004-341405 and JP-A-2006-258979 can properly be
selected to use.

<(C) Polymerizable Monomers>

In order to effectively conduct the curing reaction, a poly-
merizable monomer 1s preferably incorporated in the image
recording layer of the mnvention. The polymerizable monomer
which can be used 1n the invention 1s an addition-polymeriz-
able compound having at least one ethylenically unsaturated
double bond, and 1s selected from compounds each having at
least one, preferably two or more, terminal ethylenically
unsaturated bonds. Such compounds are known widely 1n the
related industnial field, and 1n the invention, the polymeriz-
able compounds can be used with no particular limitations.
The polymerizable compound may be 1n the chemical form
of, for example, a monomer, a prepolymer (1.e., a dimer, a
trimer or an oligomer), a mixture thereof, or a copolymer
thereof. Examples of the monomer and the copolymer thereof
include unsaturated carboxylic acids (e.g., acrylic acid, meth-
acrylic acid, 1taconic acid, crotonic acid, 1socrotonic acid, and
maleic acid), esters thereotf, and amides thereol. Preferably,
an ester between an unsaturated carboxylic acid and an ali-
phatic polyhydric alcohol; and an amide between an unsatur-
ated carboxylic acid and an aliphatic polyvalent anine are
used. In addition, an addition-reaction product of an unsatur-
ated carboxylic ester or amide having a nucleophilic substitu-
ent such as a hydroxyl group, an amino group, or a mercapto
group, with a monofunctional or multifunctional isocyanate
or an epoxy compound; and a dehydration condensation reac-
tion product of an unsaturated carboxylic ester or amide hav-
ing a nucleophilic substituent such as a hydroxyl group, an
amino group, or a mercapto group, with a monofunctional or
multifunctional carboxylic acid 1s preferably used as well.
Further, an addition-reaction product of an unsaturated car-
boxylic ester or amide having an electrophilic substituent
such as an 1socyanate group or an epoxy group, with a mono-
functional or multifunctional alcohol, amine or thiol; and,
turther, a substitution-reaction product of an unsaturated car-
boxylic ester or amide having an eliminatable substituent
such as a halogen group or a tosyloxy group, with a mono
functional or multifunctional alcohol, amine or thiol are also
preferred. As other examples, compounds described above
wherein the unsaturated carboxylic acid 1s replaced by an
unsaturated phosphonic acid, styrene, a vinyl ether, or the like
can be used as well.

Specific examples of the monomer of ester between an
aliphatic polyhydric alcohol and an unsaturated carboxylic
acid include acrylic esters such as ethylene glycol diacrylate,
triethylene glycol diacrylate, 1,3-butane diol diacrylate, tet-
ramethylene glycol diacrylate, propvlene glycol diacrylate,
neopentyl glycol diacrylate, trimethylol propane triacrylate,
trimethylol propane tri(acryloyloxypropyl)ether, trimethylol
cthane triacrylate, hexane diol diacrylate, 1,4-cyclohexane
diol diacrylate, tetracthylene glycol diacrylate, pentaerythri-
tol diacrylate, pentaerythritol triacrylate, pentaerythritol tet-
raacrylate, dipentaerythritol diacrylate, dipentaerythritol
hexaacrylate, sorbitol triacrylate, sorbitol tetraacrylate, sor-
bitol pentaacrylate, sorbitol hexaacrylate, tri(acryloyloxy-
cthyl) 1socyanurate, polyester acrylate oligomers, and 1socya-
nuric acid EO-modified triacrylate.
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Examples of methacrylic esters include tetramethylene
glycol dimethacrylate, triethylene glycol dimethacrylate,
neopentyl glycol dimethacrylate, trimethylol propane tri-
methacrylate, trimethylol ethane trimethacrylate, ethylene
glycol dimethacrylate, 1,3-butane diol dimethacrylate, hex- 5
ane diol dimethacrylate, pentaerythritol dimethacrylate, pen-
tacrythritol trimethacrylate, pentaerythritol tetramethacry-
late, dipentaerythritol dimethacrylate, dipentaerythritol
hexamethacrylate, sorbitol trimethacrylate, sorbitol tet-
ramethacrylate, bis[p-(3-methacryloxy-2 hydroxypropoxy)
phenyl]dimethyl methane, and bis[-p-(methacryloxyethoxy)
phenyl]dimethyl methane.

Examples of itaconic esters include ethylene glycol diita-
conate, propylene glycol dittaconate, 1,3-butanediol diita-
conate, 1,4-butanediol duitaconate, tetramethylene glycol dii-
taconate, pentaerythritol diitaconate, and sorbitol
tetraitaconate. Examples of crotonic esters include ethylene
glycol dicrotonate, tetramethylene glycol dicrotonate, pen-
tacrythritol dicrotonate, and sorbitol tetradicrotonate.
Examples of 1socrotonic esters include ethylene glycol diiso-
crotonate, pentaerythritol diisocrotonate, and sorbitol tetrai-
socrotonate. Examples of maleic esters include ethylene gly-
col dimaleate, triethylene glycol dimaleate, pentaerythritol
dimaleate, and sorbitol tetramaleate.

As examples of other esters, there can be preferably used,
for example, aliphatic alcohol-based esters described in JP-B-
51-47334 and JP-A-57-196231, esters each having an aro-
matic skeleton described in JP-A-59-5240, JP-A-59-5241
and JP-A-2-226149, and esters each having an amino group
described in JP-A-1-165613. It 1s also possible to use a mix-
ture of ester monomers described above.

Specific examples of the monomer of amide between an
aliphatic polyvalent amine and an unsaturated carboxylic
acid include methylene bis-acrylamide, methylene bis-meth-
acrylamide, 1,6-hexamethylene bis-acrylamide, 1,6-hexam-
cthylene bis-methacrylamide, diethylenetriamine tris-acryla-
mide, xylylene bisacrylamide, and xylylene bis-
methacrylamide. Preferable examples of other amide type
monomers include those each having a cyclohexylene struc-
ture and described in JP-B-54-21726.

An urethane series addition-polymerizable compound pro-
duced by addition reaction between an 1socyanate and a
hydroxyl group 1s also preferred. Specific examples thereof
include a vinyl urethane compound described 1n JP-B-48-
41708 having two or more polymerizable vinyl groups per
molecule, which 1s obtained by adding a vinyl monomer
having a hydroxyl group and represented by the following
formula (b) to a polyisocyanate compound having two or
more 1socyanate groups per molecule.

CH,—C(R*)COOCH,CH(R”)OH (b)
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In the formula (b), R* and R> each independently repre-
sents H or CHs;.

In addition, the urethane acrylates described in JP-A-51-
37193, JP-B-2-32293 and JP-B-2-16765 and the urethane
compounds having ethylene oxide type skeletons and 55
described 1n JP-B-58-49860, JP-B-36-17634, JP-B-62-
39417 and JP-B-62-39418 are also preferred. Further, addi-
tion-polymerizable compounds each containing an amino
structure or sulfide structure within the molecule and
described 1n JP-A-63-277653, JP-A-63-260909 and JP-A-1- 60
105238 can be used to obtain photo-polymerizable composi-
tions extremely excellent 1n photosensitive speed.

Other examples of the polymerizable compound further

include multi-functional acrylates and methacrylates such as
polyester acrylates described in JP-A-48-64183, JP-B-49- 65
43191 and JP-B-52-30490 and epoxy acrylates obtained

reacting epoxy resins with acrylic acid or methacrylic acid.
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Further, particular unsaturated compounds described in JP-B-
46-43946, JP-B-1-40337 and JP-B-1-40336, and vinyl phos-
phonic acid compounds described 1n JP-A-2-25493 can be

illustrated. In some cases, a structure containing a pertluoro-
alkyl group described 1n JP-A-61-22048 can preferably be
used. Further, photo-curable monomers and oligomers pre-

sented 1n the Journal of Japanese Adhesive Society, vol. 20,
No. 7, pp. 300-308 (1984) can be used as well.

Details (such as the structure, amount, and whether used
alone or in combination with another addition-polymerizable
compound) of these addition-polymerizable compounds may
be arbitrary determined i accordance with the design of the
performance of the resultant lithographic printing plate pre-
cursor. For example, the addition polymerizable compound
can be selected from the following viewpoints.

In view of the sensitivity, the addition-polymerizable com-
pound preferably has a structure containing many unsaturated
groups per molecule and, 1n many cases, the addition-poly-
merizable compound pretferably has two or more functional-
ities. In order to increase the strength of the 1mage areas, 1.¢.,
cured areas, the addition-polymerizable compound prefer-
ably has three or more functionalities. It 1s also effective to
control both the sensitivity and the strength by using a com-
bination of addition-polymerizable compounds (e.g. acry-
lates, methacrylates, styrene compounds, and vinyl ether
compounds) having different functionalities and different
polymerizable groups. Selection and manner of use of the
addition-polymerizable compound 1s an important factor for
compatibility with other components (e.g. a binder polymer,
an 1nitiator, and a colorant) in the image recording layer and
for dispersibility in the image recording layer. The compat-
ibility may be improved by using, for example, an addition-
polymerizable compound with low purity or a combination of
two or more addition-polymerizable compounds. A particular
structure may be selected for the purpose of improving the
adhesion properties of the image recording layer to a support,
a protective layer to be described hereiafiter.

The addition-polymerizable monomer (C) 1s used 1n the
range of preferably from 5 to 80% by weight, more preferably
from 25 to 75% by weight, based on the weight of the non-
volatile components 1n the 1mage recording layer. The mono-
mers may be used independently or in combination of two or
more thereof. Besides, as to use of the polymerizable mono-
mers, a proper layer structure, a proper compounding, and a
proper addition amount can be selected arbitrary, considering
the degree ol polymerization inhibition caused by oxygen, the
resolution, the fogging property, the change 1n reflectance,
and the surface adhesiveness of the image recording layer.
Further, 1n some cases, a layer structure wherein an undercoat
layer or an overcoat layer 1s provided and a coating method
for forming the layer structure may be employed.

The polymerizable monomer (C) and the binder polymer
(B) are preferably used 1n a weight ratio of from 0.5/1 to 4/1.

The 1image recording layer (negative-working responsive)
of the lithographic printing plate precursor of the mvention
may contain, in addition to the above-described components
(A) to (C), various compounds according to the end use
thereol within the range of not spoiling the effects of the
invention.
<Photosensitive Composition Capable of Forming an On-
Machine-Developable Image Recording Layer=>

The photosensitive composition for forming an on-ma-
chine-developable image recording layer preferably contains
(D) microcapsules or microgel. Such photosensitive compo-
sition permits recording by irradiation with laser light, and the
image recording layer 1s preferably a so-called on-machine-




US 7,935,473 B2

63

developable image recording layer which, after recording by
laser exposure, permits removal of non-image areas by sub-
jecting the layer to a printing step without any wet develop-
ment processing step to print, during which the non-image
areas are removed by the o1ly components and the hydrophilic
components such as an ik or dampening water 1n the course
of printing. Hereinatter, individual components of the photo-
sensitive composition constituting the on-machine-develop-
able image recording layer will be described 1n detail.
<Surfactant>

In the mvention, use of a surfactant 1n the 1mage recording,
layer preferably 1s preferred in order to accelerate on-ma-
chine developability upon initiation of printing and to
improve the surface property of the coated layer. Examples of
the surfactant include a nonionic surfactant, an anionic sur-
factant, a cationic surfactant, an amphoteric surfactant, and a
fluorine-containing surfactant. The surfactants may be used
independently or 1n combination of two or more thereof.

The nonionic surfactant to be used in the invention is not
particularly limited, and known nonionic surfactants can be
used. Examples thereof include polyoxyethylene alkyl ethers,
polyoxyethylene alkylphenyl ethers, polyoxyethylene poly-
styrylphenyl ethers, polyoxyethylene polyoxypropylene
alkyl ethers, glycerin fatty acid partial esters, sorbitan fatty
acid partial esters, pentaerythritol fatty acid partial esters,
propylene glycol monofatty acid esters, sucrose fatty acid
partial esters, polyoxyethylene sorbitan fatty acid partial
esters, polyoxyethylene sorbitol fatty acid partial esters, poly-
cthylene glycol fatty acid esters, polyglycerin fatty acid par-
tial esters, polyoxyethylene castor oils, polyoxyethylene
glycerin fatty acid partial esters, fatty acid diethanol amides,
N,N-bis-2-hydroxyalkylamines, polyoxyethylene alkyl
amine, triethanol amine fatty acid esters, trialkylamine
oxides, polyethylene glycol, and polyethylene glycol-
polypropylene glycol copolymers.

The anionic surfactant to be used in the mvention 1s not
particularly limited, and conventionally known anionic sur-
factants can be used. Examples thereof include fatty acid
salts, abietates, hydroxyalkane sulfonates, alkane sulfonates,
dialkylsulfosuccinic ester salts, linear alkylbenzene sul-
fonates, branched alkylbenzene sulfonates, alkylnaphthalene
sulfonates, alkylphenoxypolyoxyethylene propyl sulfonates,
polyoxyethylene alkylsultophenyl ether salts, N-methyl-N-
oleyl-taurine sodium salt, N-alkylsulfosuccinic monoamide
disodium salt, petroleum sulfonates, sulfated beet tallow, sul-
turic ester salts of alkyl esters of fatty acids, alkyl sulfuric
ester salts, polyoxyethylene alkyl ether sulfuric ester salts,
fatty acid monoglyceride sultfuric ester salts, polyoxyethyl-
ene alkylphenyl ether sulfuric ester salts, polyoxyethylene
styrylphenyl ether sulfuric ester salts, alkyl phosphoric ester
salts, polyoxyethylene alkyl ether phosphoric ester salts,
polyoxyethylene alkylphenyl ether phosphoric ester salts,
partially saponified styrene-maleic anhydride copolymers,
partially saponified olefin-maleic anhydride copolymers, and
naphthalenesulfonate formalin condensates.

The cationic surfactant to be used 1n the mvention 1s not
particularly limited, and conventionally known cationic sur-
factants can be used. Examples thereol include alkylamine
salts, quaternary ammomum salts, polyoxyethylene alky-
lamine salts, and polyethylene polyamine derivatives.

The amphoteric surfactant used in the invention is not
particularly limited, and conventionally known amphoteric
surfactants can be used. Examples thereof include carboxy
betaines, aminocarboxylic acids, sulfobetaines, aminosul-
fates and 1midazolines.

Additionally, 1n the above-described surfactants, 1t 1s pos-
sible to read the term “polyoxyethylene” as “polyoxyalky-
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lene” such as polyoxymethylene, polyoxypropylene or poly-
oxybutylene and, in the invention, such surfactants can be
used as well.

Further preferred surfactants include fluorine-containing
surfactants which contain a perfluoroalkyl group within the
molecule. Examples of the fluorine-containing surfactants
include anionic surfactants such as perfluoroalkyl carboxy-
lates, perfluoroalkyl sulfonates and perfluoroalkyl phos-
phates; amphoteric surfactants such as pertluoroalkyl
betaine; cationic surfactants such as perfluoroalkyl trimethy-
lammonium salts; and nonionic surfactants such as perfluo-
roalkylamine oxides, perfluoroalkyl ethylene oxide adducts,
oligomers each having a pertluoroalkyl group and a hydro-
philic group, oligomers each having a perfluoroalkyl group
and an oleophilic group, oligomers each having a pertluoro-
alkyl group, a hydrophilic group, and an oleophilic group, and
urethanes each having a pertluoroalkyl group and an oleo-

philic group. In addition, the fluorine-containing surfactants
described 1n JP-A-62-170950, JP-A-62-226143, and JP-A-

60-168144 are also preferred.

The surfactants may be used independently or 1n combina-
tion of two or more thereof.

The content of the surfactant 1s preferably from 0.001 to
10% by weight, more preferably from 0.01 to 7% by weight,
based on the weight of the whole solid components of the
image recording layer.
<Colorant>

In the invention, various compounds other than the above-
mentioned compounds may be further added as needed. For
example, dyes having large absorption 1n the visible light
range can be used as colorants for an image. Specific
examples of the colorants include Oil Yellow #101, O1l Yel-
low #103, O1l Pink #312, O11 Green BG, O1l Blue BOS, Oi1l
Blue #603, O1l Black BY, Oil Black BS, Oi1l Black T-505
(which are manufactured by Orient Chemical Industries,
Ltd.), Victoria Pure Blue, Crystal Violet (CI142555), Methyl
Violet (CI42535), Ethyl Violet, Rhodamine B (CI1145170B),
Malachite Green (C142000), Methylene Blue (C152013), and
the dyes described 1n JP-A-62-293247. In addition, pigments
such as phthalocyanine pigments, azo pigments, carbon
black, and titanium oxide can preferably be used as well.

The addition of the colorants 1s preferred since the addition
enables easy differentiation between the image areas and the
non-image areas after image formation. Additionally, the
addition amount of the colorant 1s from 0.01 to 10% by weight
based on the weight of the whole solid components of the
image recording layer.
<Print-Out Agent>

A compound whose color can be changed by an acid or by
a radical can be added to the image recording layer of the
invention in order to form a print-out 1mage. As such com-
pound, various coloring materials such as a diphenyl methane
coloring material, a triphenyl methane coloring material, a
thiazine coloring maternal, an oxazine coloring material, a
xanthene coloring material, an anthraquinone coloring mate-
rial, an 1minoquinone coloring material, an azo coloring
maternal, and an azomethine coloring material can effectively
be used.

Specific examples thereol include dyes such as Brilliant
Green, Ethyl Violet, Methyl Green, Crystal Violet, Basic
Fuchsia, Methyl Violet 2B, Quinaldine Red, Rose Bengal,
Metanil Yellow, Thymol Sulifophthalein, Xylenol Blue,
Methyl Orange, Paramethyl Red, Congo Red, Benzopurprin
4B, o-Naphthyl Red, Nile Blue 2B, Nile Blue A, Methyl
Violet, Malachite Green, Paratuchsin, Victoria Pure Blue
BOH [manufactured by Hodogaya Kagaku Co., Ltd.], O1l

Blue #603 [manufactured by Orient Chemical Industries,
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Ltd.], O1l Pink #312 [manufactured by Orient Chemical
Industries, Ltd.], O11 Red 3B [manufactured by Orient
Chemical Industries, Ltd.|, O1l Scarlet #308 [manufactured
by Onent Chemical Industries, Ltd.], O1l Red OG [manufac-
tured by Orient Chemical Industries, Ltd.], O11 Red RR
|[manufactured by Orient Chemical Industries, Ltd.], Oil
Green #502 [manufactured by Orient Chemical Industries,
Ltd.], Spirone Red BEH Special [manufactured by Hodogaya
Kagaku Co., Ltd.], m-Cresol Purple, Cresol Red, Rhodamine
B, Rhodamine 6 G, Sulforhodamine B, Auramine, 4-p-diethy-
laminophenyl-iminonaphthoquinone, 2-carboxyanilino-4-p-
diethylaminophenyliminonaphthoquinone, 2-carboxysteary-
lamino-4-p-N,N-bis(hydroxyethyl)amino-
phenyliminonaphthoquinone, 1-phenyl-3-methyl-4-p-
diethylaminophenylimino-3-pyrazolone and 1-f-naphthyl-
4-p-diethylaminophenylimino-3-pyrazolone, and leuco dyes
such as p.p',p"-hexamethyltriaminophenylmethane (Leuco
Crystal Violet) and Pergascript Blue SRB (manufactured by
Ciba-Geigy).

In addition to those described above, leuco dyes known as
materials for thermal sensitive paper and pressure sensitive
paper are 1illustrated as preferred dyes. Specific examples
thereot include crystal violet lactone, malachite green lac-
tone, benzoyl leucomethylene blue, 2-N-phenyl-N-methy-
lamino)-6-(N-p-tolyl-N-ethyl)-amino-fluoran, 2-anilino-3-
methyl-6-(N-ethyl-p-toluidino )fluoran, 3,6-
dimethoxyfluoran, 3-(N,N-diethylamino)-5-methyl-7-(IN,N-
dibenzylamino)-tluoran, 3 (N-cyclohexyl-N-methylamino)-
6-methyl-7-anilinofluoran, 3-(N,N-diethylamino)-6-methyl-

7-anilinofluoran, 3-(N,N-diethylamino)-6-methyl-7-
xylidinotluoran, 3-(N,N-diethylamino)-6-methyl-7-
chlorofluoran, 3-(N,N-diethylamino )-6-methoxy-7-
aminofluoran,  3-(IN,N-diethylamino)-7-(4-chloroanilino)
fluoran, 3-(N,N-diethylamino)-7-chlorofluoran, 3-(N,N-
diethylamino)-7-benzylaminofluoran, 3-(IN,N-
diethylamino)-7,8-benzo-fluoran, 3-(IN,N-dibutylamino)-6-
methyl-7-anilinofluoran, 3-(IN,N-dibutylamino)-6-methyl-7/-
xylidinofluoran,  3-piperidino-6-methyl-7-anilinofluoran,

3-pyrrolidino-6-methyl-7-anilinofluoran, 3,3-bis(1-ethyl-2-
methylindol-3-yl)phthalide, 3,3-bis(1-n-butyl-2-methylin-
dol-3-yl)-phthalide, 3,3-bis(p-dimethylaminophenyl)-6-
dimethyl aminophthalide, 3-(4-diethylamino-2-
cthoxyphenyl)-3-(1-ethyl-2-methylindol-3-yl)-4-phthalide,
and 3-(4-diethylaminophenyl)-3-(1-ethyl-2-methylindol-3-
yl)-phthalide.

The amount of the dye whose color 1s changed by an acid
or by aradical 1s preferably from 0.01 to 10% by weight based
on the weight of the whole solid components 1n the image
recording layer.
<Polymerization Inhibitor>

It 1s preferable to add a small amount of a thermal poly-
merization inhibitor to the image recording layer of the inven-
tion 1n order to inhibit undesired thermal polymerization of
the radical polymerizable monomer (C) during the produc-
tion or storage of the image recording layer.

Preferable examples of the thermal polymerization inhibi-
tor mclude hydroquinone, p-methoxyphenol, di-t-butyl-p-
cresol, pyrogallol, t-butylcatechol, benzoquinone, 4,4'-thio-
bis(3-methyl-6-t-butylphenol), 2,2'-methylenebis(4-methyl-
6-t-butylphenol), and N-nitroso-N-phenylhydroxylamine
aluminum salt.

The addition amount of the thermal polymerization inhibi-
tor 1s preferably from about 0.01 to about 5% by weight based
on the weight of the whole solid components of the image
recording layer.
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<Higher Fatty Acid Derivatives>

In order to prevent the polymerization inhibition by oxy-
gen, a higher fatty acid derivative such as behenic acid or
behenic amide may be added to the image recording layer of
the ivention such that the higher fatty acid derivative 1s
present on the surface of the image recording layer in the
course of drying after the coatmg The addition amount of the
higher fatty acid dertvative 1s preferably from about 0.1 to
about 10% by weight based on the weight of the whole solid
components of the image recording layer.
<Plasticizer>

The image recording layer of the invention may contain a
plasticizer 1n order to improve on-machine developability.
Examples of the plasticizer include phthalic esters such as
dimethyl phthalate, diethyl phthalate, dibutyl phthalate,
duisobutyl phthalate, dioctyl phthalate, octyl capryl phthalate,
dicyclohexyl phthalate, ditridecyl phthalate, butyl benzyl
phthalate, ditsodecyl phthalate, and diallyl phthalate; glycol
esters such as dimethyl glycol phthalate, ethyl phthalyl ethyl
glycolate, methyl phthalyl ethyl glycolate, butyl phthalyl
butyl glycolate, and triethylene glycol dicaprylate; phospho-
ric esters such as tricresyl phosphate and triphenyl phosphate;
fatty dibasic acid esters such as duisobutyl adipate, dioctyl
adipate, dimethyl sebacate, dibutyl sebacate, dioctyl azelate,
and dibutyl maleate; polyglycidyl methacrylate; triethyl cit-
rate; glycerin triacetyl ester, and butyl laurate.

The content of the plasticizer 1s preferably from about 30
wt % or less based on the weight of the whole solid compo-
nents of the image recording layer.
<Inorganic Fine Particles>

The 1image recording layer of the mvention may further
contain inorganic fine particles in order to improve the
strength of the cured film 1n the image areas and the on-
machine developability of the non-image areas.

Examples of the morganic fine particles include silica,
alumina, magnesium oxide, titanium oxide, magnesium car-
bonate, calcium alginate and mixtures thereof. Even 1nor-
ganic fine particles unable to convert light to heat can be used
for reinforcement of the coating film and improvement of the
interfacial adhesion properties by surface roughening.

The average particle size of the inorganic fine particles 1s
preferably from 5 nm to 10 um, more preferably from 0.5 to
3 um. When the average particle size 1s within the above
range, the 1norganic fine particles can be dispersed stably 1n
the image recording layer, whereby sufficient film strength of
the image recording layer can be obtained and a highly hydro-
philic non-image areas which are scarcely stamned during
printing can be obtained.

The morganic fine particles as described above are easily
available as commercially available products such as colloi-
dal silica dispersions.

The content of the morganic fine particles 1s preferably
20% by weight or less, more preferably 10% by weight or
less, based on the weight of the whole solid components of the
image recording layer.
<Low-Molecular Hydrophilic Compound>

The 1mage recording layer of the mvention may further
contain a hydrophilic low-molecular compound in order to
improve the on-machine developability. Examples of the
hydrophilic low-molecular compound include water-soluble
organic compounds such as glycols, e.g., ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol,
dipropylene glycol, and tripropylene glycol; ether derivatives
thereol and ester derivatives thereof; polyhydroxy com-
pounds, e.g., glycerin and pentaerythritol; organic amines,
¢.g., triethanolamine, diethanolamine, and monoethanola-
mine, and salts thereof; organic sulfonic acids, e.g., toluene-




US 7,935,473 B2

67

sulfonic acid and benzenesulfonic acid, and salts thereof,
organic phosphonic acids, e.g., phenyl phosphonic acid, and
salts thereof; and organic carboxylic acids, e.g., tartaric acid,
oxalic acid, citric acid, malic acid, lactic acid, gluconic acid,
and amino acids, and salts thereof.
<(D) Microcapsules*Microgel>

In the 1nvention, several embodiments may be employed as
methods for incorporating, in the 1image recording layer, the
components (A) to (C) and other components which consti-
tute the image recording layer. In one embodiment, the image
recording layer 1s a molecular dispersion type image record-
ing layer obtained by coating a solution in which the compo-

nents are dissolved 1n a suitable solvent, as described 1n
JP-A-2002-287334. In another embodiment, the image

recording layer 1s a microcapsule-type image recording layer

containing microcapsules which contain some of or all of the
components, as described i JP-A-2001-277740 and JP-A-

2001-277742. In the microcapsule-type i1mage recording
layer, the components may also be contained 1n the space 1n
the 1image recording layer, the space being out of the micro-
capsules. In a preferred embodiment, the microcapsule-type
image recording layer contains hydrophobic constituent com-
ponents within the microcapsules and the the hydrophilic
components are contained 1n the space out of the microcap-
sules. As a further embodiment, there 1s 1llustrated an
embodiment wherein the image recording layer contains
cross-linked resin particles, 1.e., microgel. Such microgel can
contain part of the constituent components within, or on the
surface, thereof. In particular, an embodiment wherein a poly-
merizable monomer 1s allowed to exist on the surface thereof
to form a reactive microgel 1s particularly preferred from the
standpoint of image-forming sensitivity and printing durabil-
ity.

For attaining better on-machine developability, the image
recording layer 1s preferably a microcapsule-type or microgel
type 1image recording layer.

A known method may be employed for encapsulating or
microgelling the image recording layer-constituting compo-
nents.

Examples of the encapsulation method include, though not
limitative, a method of utilizing coacervation described 1n
U.S. Pat. Nos. 2,800,457 and 2,800,458 a method of interia-
cial polymerization described 1n U.S. Pat. No. 3,287,134,
JP-B-38-19574, and JP-B-42-446; a method of precipitating
polymers described 1n U.S. Pat. Nos. 3,418,250 and 3,660,
304; a method of using an isocyanate polyol wall material
described 1n U.S. Pat. No. 3,796,669; a method of using an
isocyanate wall material described 1n U.S. Pat. No. 3,914,
511; a method of using an urea-formaldehyde type or urea-
formaldehyde-resorcinol  type wall-forming matenal
described in U.S. Pat. Nos. 4,001,140, 4,087,376, and 4,089,
802; a method of using a wall material such as melamine-
formaldehyde resin or hydroxy-cellulose described i U.S.
Pat. No. 4,025,445; a method of m situ polymerization of
monomers described 1n JP-B-36-9163 and JP-B-51-9079; a
method of spray drying described 1n GB Patent No. 930422
and U.S. Pat. No. 3,111,407; and a method of electrolytic
dispersion cooling described in GB Patent Nos. 952807 and
967074,

The microcapsule wall to be used 1n the mvention prefer-
ably has 3-dimensional crosslinkages, and i1s preferably
swellable with a solvent. From such a viewpoint, the wall
material for the microcapsules 1s preferably polyurea, poly-
urethane, polyester, polycarbonate, polyamide, or a mixture
thereol, with polyurea and polyurethane being particularly
preferred. A compound having a cross-linkable functional
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group such as an ethylenically unsaturated bond and capable
of being introduced into the binder may be introduced 1nto the
microcapsule wall.

On the other hand, the microgel may be prepared by a
granulation method utilizing interfacial polymerization

described in JP-B-38-19574 and JP-B-42-446, or a granula-

tion method utilizing non-aqueous dispersion polymerization
described in JP-A-5-61214, but the present invention 1s not
limited to these methods.

As for the method utilizing interfacial polymerization, the
above-described known methods for producing a microcap-
sule may be applied.

The microgel to be preferably used in the mvention 1s a
microgel having three-dimensional crosslinkage and being
granulated by interfacial polymerization. From this stand-
point, the material to be used therefor 1s preferably polyurea,
polyurethane, polyester, polycarbonate, polyamide or a mix-
ture thereof particularly preferably polyurea or polyurethane.

The average particle size of the microcapsule or microgel 1s
preferably from 0.01 to 3.0 um, more preterably from 0.05 to
2.0 um, particularly preferably from 0.10 to 1.0 um. Within
this range, good resolution and good aging stability can be
obtained.

In addition, the photosensitive composition of the iven-
tion may be prepared as a positive-working responsive com-
position as well as the above-described negative-working
responsive composition.

In the case of preparing the positive-working responsive
composition, a water-insoluble, aqueous alkaline solution-
soluble high molecular compound (H) 1s further incorporated
in addition to the above-described particular cyanine dye (A)
to be described hereinatter.

[(H) Water-Insoluble and Alkali-Soluble Resin]

The high molecular compound (H) which can be used 1n
the positive-working photosensitive composition includes
homopolymers containing an acidic group 1n the main chain
and/or side chain thereol, copolymers thereof, and mixtures
thereof.

Among them, those high molecular compounds which
have the acidic groups listed below as (1) to (6) 1n the main
chain and/or side chain thereof are preferred in the point of
solubility 1n an alkaline developing solution and the point of
realizing dissolution-inhibiting ability.

(1) A phenol group (—Ar—OH)

(2) A sulfonamido group (—SO,NH—R)

(3) A substituted sulfonamido-based acid group (hereinafter
also referred to as an “active imido group™) [—SO,NHCOR,
—SO,NHSO,R, —CONHSO,R)

(4) A carboxylic acid group (—CO,H)

(5) A sulfonic acid group (—SO,H)

(6) A phosphoric acid group (—OPO,H,)

In the above (1) to (6), Arrepresents a divalent aryl linking
group which may have a substituent, and R represents a
hydrogen atom or a hydrocarbon group which may have a
substituent.

Of the aqueous alkaline solution-soluble high molecular
compounds having an acidic group selected from (1) to (6)
described above, those alkaline water-soluble high molecular
compounds are preferred which have (1) a phenol group, (2)
a sulfonamide group, or (3) active imido group are preferred.
In particular, those aqueous alkaline solution-soluble high
molecular polymers which have (1) a phenol group or (2) a
sulfonamido group are most preferred from the standpoint of
solubility for an alkaline developing solution and the point of
ensuring suilicient development latitude and suificient film
strength.
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As the aqueous alkaline solution-soluble high molecular

compounds having an acidic group selected from (1) to (6),
there can be 1llustrated the following ones.
(1) Examples of the aqueous alkaline solution-soluble high
molecular compound having phenol group include: novolak
resins such as polycondensation polymers of phenol and
tormaldehyde, polycondensation polymers of m-cresol and
formaldehyde, polycondensation polymers of p-cresol and
tormaldehyde, polycondensation polymers of m-/p-mixed
cresol and formaldehyde, and polycondensation polymers of
phenol, cresol (m-, p-, or m-/p-mixture) and formaldehyde;
and polycondensation copolymers of pyrogallol and acetone.
Further, copolymers obtained by copolymerizing a com-
pound having a phenol group 1n the side chain thereof can be
exemplified. Or, copolymers obtained by copolymerizing a
compound having a phenol group in the side chain thereof can
be used.

Examples of the compound having a phenol group include
acryl amide, methacryl amide, acrylic acid ester, methacrylic
acid ester and hydroxy styrene each having a phenol group.

The aqueous alkaline solution-soluble high molecular
compound preferably has a weight-average molecular weight
of from 5.0x10° to 2.0x10* and a number-average molecular
weight of from 2.0x10” to 1.0x10%, in the point of image-
forming properties. In addition, these high molecular com-
pounds may be used independently or in combination of two
or more thereot. In the case of using them 1n combination, 1t
1s also possible to use together a polycondensation polymer of
t-butylaldehyde and formaldehyde as described 1n U.S. Pat.
No. 4,123,279, polycondensation polymers of a phenol hav-
ing as a substituent an alkyl group containing from 3 to 8, such
as a polycondensation polymer of octylphenol and formalde-
hyde, and aqueous alkaline solution-soluble high molecular
compounds having a phenol structure having an electron
attractive group on the aromatic ring as described n JP-A-
2000-241972 previously filed by the inventors.

(2) As aqueous alkaline solution-soluble high molecular com-
pounds having a sulfone amido group, there can be 1llustrated,
for example, polymers that are constituted by a minimum
constituent unit as a main component derived from a com-
pound having a sulfone amido group. Examples of such com-
pound include compounds each having, within the molecule
thereot, at least one sulfone amido group in which at least one
hydrogen atom 1s bound to a nitrogen atom and at least one
polymerizable unsaturated group. Among them, low molecu-
lar compounds having within the molecule thereof both an
acryloyl group, an allyl group or a vinyloxy group and a
substituted or mono-substituted aminosulfonyl group or a
substituted sulfonylimino group are preferred and, for

example, there are illustrated compounds represented by the
following general formulae (H-1) to (H-3).

General formula (H-1)
Rl
/
CH,=—=C

CO—X!—R?*—S0O,—NH—R’
General formula (H-2)

R4
/
CH,=—=C
CO—X?*—R>—NH—S0O,—R"
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-continued
General formula (H-3)
R8
/
CH,=—=C
\
R?—S0,—NH,
General formula (H-4)
RIU
/
CH,=C
\
RU—0O—Y!—R!”?—S0O,—NH—RH!
General formula (H-5)
Rl4
/
CH,=—C
\
RI>—0O0—Y?—R!®*-NH—S0,—RV
In the above formulae, X' and X each independently rep-
resents —O— or —NR’. R" and R* each independently rep-

resents a hydrogen atom or —CH,. R*, R>, R”, R**, and R*°

cach independently represents an alkylene, cycloalkylene,
arylene or aralkylene group containing from 1 to 12 carbon
atoms which may have a substituent. R?, R’, and R"> each
independently represents a hydrogen atom or an alkyl,
cycloalkyl, aryl or aralkyl group containing from 1 to 12
carbon atoms which may have a substituent. R® and R'” each
independently represents an alkyl, cycloalkyl, aryl or R®, R'°,
and R'* each independently represents a hydrogen atom or
—CH,. R'"" and R'> each independently represents a single
bond or an alkylene, cycloalkylene, arylene or aralkylene
group contaiming from 1 to 12 carbon atoms which may have
a substituent. Y' and Y* each independently represents a
single bond or CO.

Of the compounds represented by the general formulae

(H-1) to (H-5), m-aminosulfonylphenyl methacrylate, N-(p-
aminosulfonylphenyl)methacrylamide,  N-(p-aminosulio-
nylphenyl)acrylamide or the like can be particularly prefer-
ably used 1n the positive-working photosensitive composition
in accordance with the invention.
(3) Examples of the aqueous alkaline solution-soluble high
molecular compound having an activated imido group
include polymers comprising minimum constituting units
derived from compounds having an activated imido group as
main constituent components. Examples of such compounds
include compounds each having both an activated imido
group represented by the following structural formula and a
polymerizable unsaturated group at least one each within the
molecule thereof.

O H

Specifically, N-(p-toluenesulfonyl)methacrylamide and
N-(p-toluenesulionyl)acrylamide can preferably be used.
(4) As the aqueous alkaline solution-soluble high molecular
compounds having a carboxylic acid group, there can be
illustrated, for example, polymers that are constituted by a
minimum constituent unit as a main component derived from
a compound having a carboxylic acid group and a polymer-
1zable unsaturated group at least one each within the molecule
thereof.
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(5) As the aqueous alkaline solution-soluble high molecular
compounds having a sulfonic acid group, there can be 1llus-
trated, for example, polymers that are constituted by a mini-
mum constituent unit as a main component derrved from a
compound having a sulfonic acid group and a polymerizable °
unsaturated group at least one each within the molecule

thereol.

(6) As the aqueous alkaline solution-soluble high molecular
compounds having a phosphoric acid group, there can be
illustrated, for example, polymers that are constituted by a
mimmum constituent unit as a main component derived from
a compound having a phosphoric acid group and a polymer-
1zable unsaturated group at least one each within the molecule
thereof.

Regarding the minimum constituent unit constituting the
aqueous alkaline solution-soluble high molecular com-
pounds to be used in the positive-working photosensitive
composition and having an acidic group that 1s selected from
(1) through (6) described above, there 1s no need of using only 20
one kind of the minimum constituent unit, but at least two
kinds of the minimum constituent units having the same
acidic group may be copolymerized to use or at least two
kinds of the mimimum constituent units having different
acidic groups may be copolymerized to use, as well. 25

In the copolymer, the content of the compound that 1s
copolymerized therein and has an acidic group selected from
(1) through (6) 1s preferably 10 mol % or more, and more
preferably 20 mol % or more. When the content 1s less than 10
mol %, the development latitude improvement etflfect owing to 30
the addition thereof tends to be msuificient.

In addition, 1n the case where the alkali-soluble resin 1s
used as a copolymer obtained by copolymenzing the com-
pound, 1t 1s also possible to use other compounds not having
the acidic groups (1) to (6). 35

The weight-average molecular weight of the alkali-soluble
resin 1s preferably 500 or more in view of image-forming,
properties, with 1,000 to 700,000 being more preferred. The
number-average molecular weight thereot 1s preferably 500
or more and, more preferably, from 750 to 650,000. The 40
degree of dispersion (weight-average molecular weight/num-
ber-average molecular weight) i1s preferably in the range of
from 1.1 to 10.

The sum of the contents of the alkali-soluble resins 1n the
positive-working photosensitive composition 1s preferably 45
from 30 to 98% by weight, more preferably from 40 to 95%
by weight, based on the weight ol the whole solid components
of the photosensitive composition. When the contents are
within the above-described range, they can provide, when
used 1n an 1mage recording layer of a lithographic printing 50
plate precursor, excellent printing durability of a resulting,
printing plate, excellent sensitivity and excellent 1image-
forming properties.

In such positive-working photosensitive composition, 1t 1s
important to use the infrared ray absorbent (A) in order to 55
clfectively release the interaction. The sum of the contents of
inirared ray absorbents 1n the interaction-releasing type posi-
tive-working photosensitive composition 1s preferably from
0.01 to 30% by weight, more preferably from 0.1 to 10% by
weight, based on the whole solid components of the photo- 60
sensitive composition. When the contents are within the
above-described range, they provide excellent sensitivity and
excellent 1image-forming properties when used in the image
forming layer of a lithographic printing plate precursor.

2-2. o-Quinonediazide Compound-Containing System 65

As an o-quinonediazide compound-containing system,
there 1s 1llustrated a positive-working photosensitive compo-
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sition containing as a light-sensitive component, an o-quino-
nediazide compound as described in JP-A-5-246171 and

JP-A-6-230382.
|Other Components]

As other components of such positive-working photosen-
sitive composition, known additives for various image
recording materials, which can be recorded by active radia-
tion such as inirared rays when the additives are used 1n an
image recording layer of a lithographic printing plate precur-
sor, can properly be selected to use.

To the positive-working photosensitive composition of the
imnvention can be added, as needed, various additives. For
example, when other onium salts, aromatic sulfone com-
pounds, aromatic sulfonic ester compounds or multifunc-
tional amine compounds are added to an 1mage recording
layer of a lithographic printing plate precursor, dissolution
inhibition ability of the aqueous alkaline solution-soluble
high molecular compound 1nto a developing solution can be
improved, thus such additives being preferred.

In addition, 1 order to more improve sensitivity, cyclic
acid anhydrides, phenols, and organic acids can be used
together.

The contents of the cyclic acid anhydrides, phenols, and
organic acids in the photosensitive composition are prefer-
ably from 0.05 to 20% by weight, more preferably from 0.1 to
15% by weight, particularly preferably from 0.1 to 10% by
weight.

Beside these compounds, epoxy compounds, vinyl ethers
and, further, hydroxymethyl group-containing phenol com-
pounds described in IP-A-8-276558, alkoxymethyl group-
containing phenol compounds, and cross-linkable com-
pounds having the action of inhibiting dissolution in an
alkaline solution and being described i JP-A-11-160860
previously filed by the inventors can properly be added
according to the purpose.

In the case of using the photosensitive composition of the
invention for a coating solution for forming a recording layer
of a lithographic printing plate precursor, various surfactants,
siloxane series compounds, and fluorine-containing copoly-
mers can be added to the coating solution 1n order to expand
stability of processing under developing conditions as 1s the
same with the negative-working photosensitive composition.
In addition, print-out agents for obtaining a visible image
immediately after heating by exposure, and dyes and pig-
ments as 1mage colorants can also be added as 1s the same
with the aforesaid negative-working photosensitive compo-
sition (or recording layer).

[Lithographic Printing Plate Precursor]

The lithographic printing plate precursor of the mvention
comprises a support having provided thereon an image
recording layer containing the above-described photosensi-
tive composition. Flements constituting the lithographic
printing plate precursor, such as an image recording layer and
a support, will be described hereinatter.
<Image Recording Layer>

The 1mage recording layer of the mvention 1s formed by
dispersing or dissolving the necessary components for the
above-described photosensitive composition 1n a solvent to
prepare a coating solution and then applying the coating
solution, followed by drying. Examples of the solvent to be
used here include, but are not limited to, ethylene dichlonde,
cyclohexanone, methyl ethyl ketone, methanol, ethanol, pro-
panol, ethylene glycol monomethyl ether, 1-methoxy-2-pro-
panol, 2-methoxyethyl acetate, 1-methoxy-2-propyl acetate,
dimethoxyethane, methyl lactate, ethyl lactate, N,N-dim-
cthylacetamide, N,N-dimethylformamide, tetramethylurea,
N-methylpyrrolidone, dimethyl sulfoxide, sulfolane, y-buty-
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rolactone, toluene and water. These solvents may be used
independently or as a mixture thereof. The concentration of
the solid components 1n the coating solution 1s preferably
from 1 to 50% by weight.

With respect to the image recording layer of the mnvention,
plural coating solutions each containing the same or different
components described above and dissolved or dispersed 1n
the same or different solvents may be prepared, then the
coating solutions may be applied by the repetition of coating
and drying to form the image recording layer.

The amount (1n terms of the amount of solid components)
of the image recording layer, which 1s formed on the support
by coating and drying, may be changed 1n accordance with
the intended use, and is preferably from 0.3 to 3.0 g/m~ in
general. When the amount 1s within this range, an 1image
recording layer with good sensitivity and excellent film prop-
erties can be obtained.

As coating methods, various methods may be employed.
Examples thereol include bar coating, spin coating, spray
coating, curtain coating, dip coating, air knife coating, blade
coating, and roll coating.
<Support>

The support to be used 1n the lithographic printing plate
precursor of the mnvention 1s not particularly limited insofar as
it 1s a dimensionally stable plate. Examples thereof include
paper, a plastic laminated paper (e.g., polyethylene laminated
paper, polypropylene laminated paper, polystyrene laminated
paper, etc.), a plate of a metal (e.g., aluminum, zinc, copper,
etc.), a film of a plastic (e.g., cellulose diacetate, cellulose
triacetate, cellulose propionate, cellulose butyrate, cellulose
acetate butyrate, cellulose nitrate, polyethylene terephthalate,
polyethylene, polystyrene, polypropylene, polycarbonate,
polyvinyl acetal, etc.), and paper or plastic film on which any
of the above-described metals 1s laminated or vapor-depos-
ited. The support 1s preferably a polyester film or an alumi-
num plate. The aluminum plate 1s particularly preferred
because it 1s excellent in dimensional stability and relatively
Inexpensive.

The aluminum plate 1s a pure aluminum plate, an alloy
plate containing aluminum as the main component and trace
amounts ol heteroelements, or a plastic laminated aluminum
or aluminum alloy thin film. Examples of the heteroelements
contained 1n the aluminum alloy include silicon, 1rron, man-
ganese, copper, magnesium, chromium, zinc, bismuth,
nickel, and titanium. The content of the heteroelements 1n the
alloy 1s preferably 10% by weight or less. Although a pure
aluminum plate 1s preferred, production of absolutely pure
aluminum 1s difficult from the viewpoint of refimng tech-
niques. Therefore, the aluminum plate to be used 1n the inven-
tion may be an aluminum plate contaiming trace amounts of
heteroelements. The composition of the aluminum plate 1s not
limited, and any aluminum plates made of known and con-
ventionally used materials can be used in accordance with the
necessity.

The thickness of the support 1s preferably from 0.1 to 0.6
mm, more preferably from 0.15 to 0.4 mm, still more prefer-
ably from 0.2 to 0.3 mm.

It 1s preferred to subject the aluminum plate to a surface
treatment such as a roughening treatment or an anodizing
treatment prior to use. By the surface treatment, hydrophilic-
ity can be easily improved and the adhesion between the
image recording layer and the support can be easily secured.
Before the surface of the aluminum plate 1s roughened, the
aluminum plate may be subjected to a decreasing treatment
with, for example, a surfactant, an organic solvent or an
aqueous alkaline solution so as to remove the rolling o1l, as
needed.
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Various methods can be employed for the roughening treat-
ment of the surface of the aluminum plate. For example, there
are 1llustrated a mechanical surface roughening treatment, an
clectrochemical surface roughening treatment (roughening
treatment of electrochemically dissolving the surface), and a
chemical surface roughening treatment (roughening treat-
ment of chemically selectively dissolving the surface).

As the method of the mechanical surface roughening treat-
ment, there can be employed a known method such as a ball
orinding method, a brush grinding method, a blast grinding
method, or a bull grinding method.

As the method of the electrochemical roughening method,
there are illustrated, for example, a method of roughening the
surface 1n an electrolytic solution containing hydrochloric
acid or nitric acid by applying alternating current or direct
current. In addition, there 1s 1llustrated a method of using a
mixed acid as described 1n JP-A-S4-63902.

The aluminum plate whose surface has been roughened 1s,
as needed, subjected to an alkali etching treatment with an
aqueous solution of potassium hydroxide, sodium hydroxide,
or the like, then to a neutralization treatment, then optionally
to an anodizing treatment which improves the abrasion resis-
tance.

As the electrolyte to be used in the anodizing treatment of
the aluminum plate, various electrolytes capable of forming a
porous oxide film can be used. Generally, sulfuric acid,
hydrochloric acid, oxalic acid, chromic acid, or a mixed acid
thereol 1s used. The concentration of the electrolyte 1s deter-
mined properly in accordance with the kind of the electrolyte.

The conditions for the anodizing treatment may be vari-
ously changed depending on the electrolyte used and cannot
be described 1n a general manner. Usually, the concentration
of the electrolyte 1s preferably from 1 to 80% by weight, the
liquid temperature 1s preferably from 5 to 70° C., the current
density is preferably from 5 to 60 A/dm”, the voltage is
preferably from 1 to 100 V, and the electrolysis time 1s pret-
erably from 10 seconds to 5 minutes. The amount of the
anodized film to be formed is preferably from 1.0 to 5.0 g/m”,
more preferably from 1.5 to 4.0 g¢/m”. When the amount of the
anodized film 1s within this range, good printing durability
and excellent flaw resistance of non-image areas of the litho-
graphic printing plate can be obtained.

After the anodization treatment, the surface of the alumi-
num plate may be subjected to hydrophilicity-imparting treat-
ment, as needed. As the hydrophilicity-imparting treatment,
there 1s 1llustrated a method using an alkali metal silicate as
described in U.S. Pat. Nos. 2,714,066, 3,181,461, 3,280,734,
and 3,902,734, In the method, a support 1s treated by immeri-
son or electrolysis 1 an aqueous sodium silicate solution.
Other methods include a method wherein the surface 1is
treated with potassium fluorozirconate as described 1n JP-B-
36-22063 and a method wherein the surface 1s treated with
polyvinylphosphonic acid as described in U.S. Pat. Nos.
3,276,868, 4,153,461, and 4,689,272.

The center-line average roughness of the support 1s prefer-
ably from 0.10 to 1.2 um. Within this range, good adhesion to
the image recording layer, good printing durability, and good
stain resistance can be obtained.

In addition, the color density of the support 1s preferably
from 0.15 to 0.65 1n terms of reflection density. Within this

range, halation upon imagewise exposure can be prevented to
thereby provide good image-forming properties and, 1n addi-
tion, good plate-inspecting properties can be obtained after
development processing.
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<Back Coat Layer>

A back coat layer may be provided, as needed, on the back
side of the support after subjecting the support to the surface
treatment or after formation of an undercoat layer.

Examples of such back coat layer include a coating layer
comprising an orgamc high molecular compound as
described 1n JP-A-5-43885, and a coating layer comprising a
metal oxide obtained by hydrolysis and polycondensation of
an organic or iorganic metal compound as described 1n
JP-A-6-35174. Among them, use of an alkoxy compound of
silicon such as Si1(OH,),, S1(OC.H.),, Si1{OC;H,), or
S1(0OC_ H, ), 1s preferred because of their inexpensiveness and
high availability.
<Undercoat Layer>

An undercoat layer may be provided, as needed, on the
aluminum plate between the 1image recording layer and the
support. The undercoat layer serves to facilitate delamination
of the image recording layer from the support in unexposed
areas. Hence, with an on-machine-developable lithographic
printing plate precursor, there can be obtained an advantage
of improving on-machine developability. In addition, 1n the
case of infrared laser exposure, the undercoat layer functions
as a heat-insulating layer, which provides the advantage that
heat generated by exposure does not diffuse into the support
but can effectively be utilized, thus sensitivity being
enhanced.

Specific preferred examples of compounds for the under-
coat layer (undercoating compounds ) include silane coupling
agents each having an addition-polymerizable ethylenically
double-bonded reactive group as described in JP-A-10-
282679; and phosphorus compounds each having an ethyl-
enically double-bonded reactive group as described 1n JP-A-
2-304441.

The most preferred undercoating compounds include high
molecular resins obtained by copolymerizing a monomer
having an adsorptive group, a monomer having a hydrophilic
group, and a monomer having a cross-linking group.

A necessary component of the high molecular resin for the
undercoat layer 1s an adsorptive group to the surface of the
hydrophilic support. Presence or absence of the adsorbing
properties to the surface of the hydrophilic support can be
judged by, for example, the following method.

A test compound 1s dissolved 1n a readily soluble solvent to
prepare a coating solutions and the resulting coating solution
is coated on a support in a dry amount of 30 mg/m?, followed
by drying. Subsequently, the support coated with the test
compound 1s well washed with a readily soluble solvent, and
the residual amount of the test compound not having been
washed away 1s measured to calculate the adsorption amount
of the compound on the support. Here, measurement of the
residual amount of the test compound may be conducted by
directly determining the residual amount of the compound, or
by determining the amount of the test compound dissolved in
the washing solution. Determination of the compound can be
performed by, for example, fluorescent X-ray measurement,
reflective spectral absorption measurement, or liquid chroma-
tography. Compounds adsorptive to the support are com-
pounds which remain in an amount of 1 mg/m” or more even
alter being subjected to the above-described washing treat-
ment.

The adsorptive group to the surface of the hydrophilic
support 1s a functional group which can form chemaical bond
(e.g., 10n1c bond, hydrogen bond, coordination bond or bond
based on mtermolecular force) with a substance (e.g., metal
or metal oxide) or a functional group (e.g., hydroxyl group)
existing on the surface of the hydrophilic support. The
adsorptive group 1s preferably an acid group or a cation group.
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The acid group has an acid dissociation constant (pKa) of
preferably 7 or less. Examples of the acid group include a
phenolic hydroxyl group, a carboxyl group, —SO.H,
—0OSO;H, —PO;H,, —OPO;H,, —CONHSO,—,
—SO,NHSO,—, and —COCH,COCH,. Among them,
—OPO.H, and —PO.H, are particularly preferred. In addi-
tion, these acid groups may be in the metal salt form thereof.

The cation group 1s preferably an onium group. Examples
of the ontum group include an ammonium group, a phospho-
nium group, an arsonium group, a stibonmium group, an 0Xo-
nium group, a sulfonium group, an oxonium group, a sulfo-
nium group, a selenontum group, a stannomium group, and an
iodonium group. An ammonium group, a phosphonium
group, and a sulfonium group are preferred, an ammonium
group and a phosphonium group are more preferred, and an
ammonium group 1s most preferred.

As especially preferred examples of monomers having an
adsorptive group, the compounds represented by the follow-
ing formula (I) or (II) are 1llustrated.

(D)

(1)

W

In the above formulae, R', R?, and R> each independently
represents a hydrogen atom, a halogen atom, or an alkyl group
containing from 1 to 6 carbon atoms. R', R*, and R each
preferably represents independently a hydrogen atom or an
alkyl group containing from 1 to 6 carbon atoms, more prei-
erably represents a hydrogen atom or an alkyl group contain-
ing from 1 to 3 carbon atoms, and most preferably a hydrogen
atom or a methyl group. R* and R each especially preferably
represents a hydrogen atom. Z represents an adsorptive func-
tional group to the surface of the hydrophilic support.

In formula (I), X represents an oxygen atom (—O—) or an
imino group (—NH—), and X more preferably represents an
oxygen atom. In formula (I), L represents a divalent linking
group. L preferably represents a divalent aliphatic group (an
alkylene group, a substituted alkylene group, an alkenylene
group, a substituted alkenylene group, an alkynylene group,
or a substituted alkynylene group), a divalent aromatic group
(an arylene group or a substituted arylene group), or a divalent
heterocyclic group, or combinations of these divalent groups
with an oxygen atom (—O—), a sulfur atom (—S—), 1mino
(—NH-—), substituted imino (—INR—, wherein R represents
an aliphatic group, an aromatic group or a heterocyclic
group), or carbonyl (—CO—).

The aliphatic group may have a cyclic structure or a
branched structure. The number of carbon atoms of the ali-
phatic group 1s preferably from 1 to 20, more preferably from
1 to 15, and most preferably from 1 to 10. As the aliphatic
group, a saturated aliphatic group 1s preferred to an unsatur-
ated aliphatic group. The aliphatic group may have a substitu-
ent. Examples of the substituent include a halogen atom, a
hydroxyl group, an aromatic group, and a heterocyclic group.

The number of carbon atoms of the aromatic group 1s
preferably from 6 to 20, more preferably from 6 to 135, and
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most preferably from 6 to 10. The aromatic group may have a
substituent. Examples of the substituent include a halogen
atom, a hydroxyl group, an aliphatic group, an aromatic
group, and a heterocyclic group.

It 1s preferred for the heterocyclic group to have a 5- or
6-membered ring as a hetero ring. Other hetero ring, an ali-
phatic ring or an aromatic ring may be condensed with the
hetero ring. The heterocyclic group may have a substituent.
Examples of the substituent include a halogen atom, a
hydroxyl group, an oxo group (—0), a thioxo group (—S), an
imino group (—NH), a substituted 1mino group (—=N—R,
wherein R represents an aliphatic group, an aromatic group or
a heterocyclic group), an aliphatic group, an aromatic group,
and a heterocyclic group.

L. 1s preferably a divalent linking group containing a plu-
rality of polyoxyalkylene structures. The polyoxyalkylene
structures are more preferably polyoxy-ethylene structures.
In other words, 1t 1s preferred for L to contain —(OCH,CH,)
n- (n 1s an integer of 2 or more).

In formula (II), Y represents a carbon atom or a nitrogen
atom. In the case where Y 1s a nitrogen atom and L 1s linked
ontoY to form a quaternary pyridinium group, the group itself
shows adsorptivity, so that Z 1s not essential and may be a
hydrogen atom. L represents the same divalent linking group
as with formula (1) or represents a single bond.

The adsorptive functional group 1s as described hereinbe-
fore.

Typical examples of the compounds represented by the
tollowing formula (I) or (II) are shown below.
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As the hydrophilic groups of high molecular resins for
undercoating that can be used in the invention, there are
preferably 1llustrated, for example, a hydroxyl group, a car-
boxyl group, a carboxylate group, a hydroxyethyl group, a
polyoxyethyl group, a hydroxypropyl group, a polyoxypro-
pyl group, an amino group, an aminoethyl group, an amino-
propyl group, an ammonium group, an amido group, a car-
boxymethyl group, a sulfonic acid group, and a phosphoric
acid group. Among them, monomers having a sulfonic acid
group showing high hydrophilicity are preferred. As the spe-
cific examples of the monomers having a sulfonic acid group,
there are 1llustrated sodium salts and amine salts of methal-
lyloxybenzenesulionic acid, allyloxybenzenesulionic acid,
allylsulfonic acid, vinylsulfonic acid, p-styrenesulionic acid,
methallylsulfonic acid, acrylamido-t-butylsulfonic acid,
2-acrylamido-2-methylpropanesulfonic acid, and (3-acry-
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loyloxypropyl)butylsulionic acid. Of these monomers, 1n
view of a hydrophilic performance and handling property in
synthesis, sodium salt of 2-acrylamido-2-methylpropane-
sulfonic acid 1s preferred.

The high molecular resins for the undercoat layer 1n the
invention preferably have a crosslinking group. Adhesion of
the undercoat layer to 1mage areas can be heightened on
account of the crosslinking group. Crosslinking properties
can be imparted to a polymer resin for the undercoat layer, by
introducing a crosslinking functional group such as an ethyl-
enically unsaturated bond to the side chain of the polymer, or
by forming a salt structure using a compound having both a
substituent having a counter charge of the polar substituent of
the high molecular resin and an ethylenically unsaturated
bond.

Examples of polymers having an ethylenically unsaturated
bond 1n the side chain of the molecule include ester or amide
polymers of acrylic acid or methacrylic acid, wherein the
residue of the ester or amide (R of —COOR or —CONHR)
has an ethylenically unsaturated bond.

Examples of the residues having an ethylenically unsatur-
ated bond (the above-described R) include —(CH,),
CR,—CR,R,, —(CH,0), CH,CR,—CR,R,
—(CH,CH,0), CH,CR,—CR,R;, —(CH,) NH—CO—
O—CH,CR,—CR,R;, —(CH,), —O—CO—
CR,—CR,R;, and —(CH,CH,0O),—X (1in the formulae, R,
R,, and R, each represents a hydrogen atom, a halogen atom,
an alkyl group containing from 1 to 20 carbon atoms, an aryl
group, an alkoxyl group or an aryloxy group, and R, and R, or
R, may be connected to each other to form a ring, n represents
an integer of from 1 to 10, and X represents a dicyclopenta-
dienyl residue).

Specific examples of the ester residues 1nclude
—CH,CH=—CH, (described n JP-B-7-21633),
—CH,CH,O0—CH,CH=—CH,, —CH,C(CH,)—CH.,,
—CH,CH=—CH—C_H.,—CH,CH,OCOCH=—CH—C_H.,
—CH,CH,NHCOO—CH,CH=—CH.,, and
—CH,CH,O—X (wheremn X represents a dicyclopentadi-
enyl residue).

Specific examples of the amido residues i1nclude
—CH,CH=—CH,, —CH,CH,O—Y (wheremn Y represents a
cyclohexene residue), and —CH,,CH,OCO—CH—CH,,

As the monomers having a crosslinking group for the high
molecular resins for the undercoat layer, the above-described
esters or amides of acrylic acid or methacrylic acid having a
crosslinking group are preferred.

The content of crosslinkable groups 1n the high molecular
resin for the undercoat layer (the content of radical polymer-
1zable unsaturated double bonds measured by the 1o0dometric
titration method) 1s preferably from 0.1 to 10.0 mmol, more
preferably from 1.0 to 7.0 mmol, most preferably from 2.0 to
5.5 mmol, per g of the polymer resin. Within this range, good
sensitivity and staining resistance, and good storage stability
can be obtained.

The high molecular resins for the undercoat layer have a
weilght-average molecular weight of preferably 5,000 or
more, more preferably from 10,000 to 300,000, and a num-
ber-average molecular weight of preferably 1,000 or more,
more preferably from 2,000 to 250,000. The degree of poly-
dispersion (weight-average molecular weight/number-aver-
age molecular weight) 1s preferably from 1.1 to 10.

The high molecular resin for the undercoat layer may be
any of a random polymer, a block polymer and a graft poly-
mer, but 1s preferably a random polymer.

The high molecular resins for the undercoat layer may be
used alone or as a mixture of two or more thereof. A coating,
solution for forming the undercoat layer 1s obtained by dis-
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solving the high molecular resin for the undercoat layer 1n an
organic solvent (e.g., methanol, ethanol, acetone, or methyl
cthyl ketone) and/or water. An infrared ray absorbent may be
incorporated in the coating solution for forming the undercoat
layer.

As methods for coating the coating solution for forming the
undercoat layer on a support, various known methods can be
employed. Examples thereol include a bar coater coating
method, a spin coating method, a spray coating method, a
curtain coating method, a dip coating method, an air-knife
coating method, a blade coating method, and a roll coating
method.

The coating amount of the undercoat layer (solid compo-
nents) is preferably from 0.1 to 100 mg/m=*, more preferably
from 1 to 30 mg/m”.
<Protective Layer>

In the case where the lithographic printing plate precursor
of the invention has an 1mage recording layer using a nega-
tive-working photosensitive composition, a protective layer
(an overcoat layer) may be provided, as needed, on the image
recording layer for the purpose of giving oxygen-barrier
properties, preventing generation of scratches on the image
recording layer, and preventing ablation at the time of expo-
sure with high intensity laser.

Exposure process of the lithographic printing plate 1s gen-
erally carried out 1n the air. Low molecular compounds such
as oxygen and basic substances present 1n the air can inhibat
the image forming reaction that occurs 1n the image recording
layer by the exposure process. The protective layer prevents
the low molecular compounds such as oxygen and basic
substances from mixing into the image recording layer and, as
a result, prevents inhibition of the image forming reaction 1n
the air. Accordingly, the characteristics required of the pro-
tective layer are to reduce the permeability of the low molecu-
lar compounds such as oxygen, to have good transmittance of
light used for exposure, to be excellent in adhesion with the
image recording layer, and to be capable of being eliminated
casily 1n the on-machine development processing after expo-

sure. Overcoat layers having such characteristics are
described 1n, e.g., U.S. Pat. No. 3,458,311 and JP-B-55-

49729,

As the materials for use 1 the protective layer, any of
water-soluble polymers and water-insoluble polymers can be
arbitrarily selected to use. Specific examples thereof include
water-soluble polymers, e.g., polyvinyl alcohol, modified
polyvinyl alcohol, polyvinylpyrrolidone, polyvinylimida-
zole, polyacrylic acid, polyacrylamide, a partial saponifica-
tion product of polyvinyl acetate, ethylene-vinyl alcohol
copolymers, water-soluble cellulose derivatives, gelatin,
starch dertvatives, and gum arabic, and polymers, e.g., poly-
vinylidene chloride, poly(meth)acrylonitrile, polysulione,
polyvinyl chloride, polyethylene, polycarbonate, polysty-
rene, polyamide, and cellophane. These polymers can also be
used in combination of two or more thereof, as needed.

Among the above-described materials, water-soluble high
molecular compounds excellent in crystallizability are com-
paratively useful materials and, specifically, polyvinyl alco-
hol, polyvinylpyrrolidone, polyvinylimidazole, water-
soluble acrylic resins, €.g., polyacrylic acid, gelatin, and gum
arabic, etc. are preferred and, from the standpoints of being
capable of being coated using water as a solvent and capable
ol being easily removed with a dampening water upon print-
ing, polyvinyl alcohol, polyvinylpyrrolidone, and polyvi-
nylimidazole are preferred. Of these polymers, polyvinyl
alcohol (PVA) gives the best results with respect to funda-
mental characteristics such as oxygen-barrier properties and
removability by development.
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Polyvinyl alcohols that can be used for the protective layer
may be partially substituted with ester, ether or acetal so long,
as they contain a substantial amount of unsubstituted vinyl
alcohol units having necessary water solubility. A part of the
polyvinyl alcohols may also contain other copolymerizable
components. For example, polyvinyl alcohols of various
polymerization degrees randomly having a variety of hydro-
philic modified sites such as anion-modified site modified
with an anion, e.g., a carboxyl group or a sulfo group, a
cation-modified site modified with a cation, e¢.g., an amino
group Or an ammonium group, a silanol-modified site, a thiol-
modified site, etc.; and polyvinyl alcohols of various poly-
merization degrees having at polymer chain terminals a vari-
ety of modified sites such as the aforesaid anion-modified
site, the aforesaid cation-modified site, silanol-modified site,
thiol-modified site and, further, an alkoxyl-modified site, a
sulfide-modified site, sites where vinyl alcohol 1s modified
with various organic acids, ester-modified sites of the above
amon-modified site with alcohols, etc., an epoxy-modified
site, etc., are also preferably used.

These modified polyvinyl alcohols are preferably com-
pounds hydrolyzed to a degree of from 71 to 100 mol % and
having polymerization degree in the range of from 300 to
2.,400. Specific examples thereol include PVA-105, PVA-
110, PVA-117, PVA-117H, PVA-120, PVA-124, PVA-124H,
PVA-CS, PVA-CST, PVA-UC, PVA-203, PVA-204, PVA-
205, PVA-210, PVA-217, PVA-220, PVA-224, PVA-217EE,
PVA-217E, PVA-220E, PVA-224E, PVA-4035, PVA-420,
PVA-613, and L-8 (manufactured by Kuraray Co., Ltd.). Fur-
ther, as modified polyvinyl alcohols, there are illustrated
KIL-318,KL-118, KM-618, KM-118, and SK-5102 each hav-
ing an anion-modified site, C-318, C-118, and CM-318 hav-

mg a cation-modified site, M-205 and M-115 having a termi-
nal thiol-modified site, MP-103, MP-203, MP-102, and
MP-202 having a terminal sulfide-modified site, HL-12E and
HI.-1203 having a modified site of ester with higher fatty acid
at terminals, and R-1130, R-2105, and R-2130 having a reac-
tive silane-modified site.

It 1s also preferred that the protective layer contains a
layered compound. The layered compound 1s a particle in the
thin tabular shape and, for example, a mica group, such as
natural mica and synthetic mica represented by the following,
formula,

A(B :C) 2-5 D4O 1 D(OH :F:O)E

(wherein A represents any of L1, K, Na, Ca, Mg, and an
organic cation, B and C represent any of Fe(I1l), Fe(I11l), Mn,
Al, Mg, and V, and D represents S1 or Al), and talc represented
by formula 3Mg0.4510.H,0O, taeniolite, montmorillonite,
saponite, hectorite, and zirconium phosphate are illustrated.

Examples of natural micas include muscovite, paragonite,
phlogopite, biotite, and lepidolite. Examples of synthetic
micas include non-swellable micas, e.g., fluorine phlogopite
KMg,(AlS1,0, ,)F, and potassium tetrasilicate mica KMg,
(51,0, ,)F -, and swellable micas, for example, Na tetrasilicic
mica NaMg, -(S1,0,,)F,, Na or L1 taeniolite (Na,LL1)Mg,L1
(S1,0,,)F,, and montmorillonite series Na or L1 hectorite
(Na,L1)1/8Mg,/51.1,/8(51,0,,)F,. Synthetic smectites are
also usetul.

Of these layered compounds described above, fluorine-
containing swellable micas, which are synthetic layered com-
pounds, are especially useful. That 1s, swellable clay miner-
als, e.g., montmorillonite, saponite, hectorite, and bentonite
have a layered structure comprising unit crystal lattice layers
having a thickness of from about 10 to about 15 A, and metal
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atom substitution within the lattice 1s extremely great as com-
pared with other clay minerals. As a result, there 1s an mnsut-
ficient quantity of positive electric charge 1n the lattice layers,
and cations such as Li*, Na*, Ca**, and Mg"", and organic
cations (e.g., amine salt, quaternary ammonium salt, phos-
phonium salt, and sulfonium salt) are adsorbed between the
layers to compensate for the insuificiency. These layered
compounds swell with water. When shear 1s applied 1 the
swollen state, the lattices easily cleave and form a stable sol1n
water. Bentonite and swellable synthetic micas have the
marked tendency.

In connection with the shape of the layered compounds,
compounds each having a smaller thickness 1s better from the
viewpoint of the control of diffusion and, regarding the plane
s1ze, compounds with a bigger plane size 1s better so long as
the smoothness of the coated surface and the transmission of
active rays are not hindered. Accordingly, the aspect ratio of
layered compounds 1s preferably 20 or more, more preferably
1100 or more, and particularly preferably 200 or higher. The
aspect ratio 1s the ratio of the thickness to the longer diameter
of a particle, and this can be measured, for example, from the
projection drawing of the microphotograph of a particle. The
greater the aspect ratio, the greater 1s the eil

ect obtained.

The average particle size of the particle of layered com-
pounds 1s from 1 to 20 um, preferably from 1 to 10 um, and
particularly preferably from 2 to 5 um. When the particle size
1s smaller than 1 um, the control of permeation of oxygen and
moisture becomes insutficient, so that sutficient effect cannot
be exhibited. On the other hand, when the particle size 1s
larger than 20 um, dispersion stability 1n a coating solution
becomes 1nsuilicient, so that stable coating cannot be per-
tformed. The average thickness of the particles 1s 0.1 um or
less, preferably 0.05 um or less, and particularly preferably
0.01 um or less. For example, of the inorganic layered com-
pounds, swellable synthetic mica, which 1s a representative
compound, has a thickness of from 1 to 50 nm, and a plane
s1ze of from about 1 to about 20 um.

When the particles of inorganic layered compounds having,
such a high aspect ratio are contained 1n the protective layer,
the coated film strength 1s improved and the permeation of
oxygen and moisture can be effectively prevented, and hence
the deterioration of the protective layer due to deformation
and the like can be prevented, Therefore, even when the
lithographic printing plate precursor 1s stored under a high
moisture condition for a long period of time, the lithographic
printing plate precursor i1s free from the deterioration of
image-forming properties due to the change 1n moisture, and
excellent storage stability can be ensured.

-

I'he content of the morganic layered compound contained
in the protective layer 1s preferably 1n the range of from 5/1 to
1/100 1n terms of weight ratio to the amount of the binder used
in the protective layer. Even when a plurality of inorganic
layered compounds are used 1n combination, it 1s preferred
that the total content of these inorganic layered compounds be
within the above-described weight ratio.

In the case of using the above-described morganic layered
compound 1n the protective layer, it 1s preferred to add a
phosphonium compound to the image recording layer and/or
the protective layer for the purpose of improving inking prop-
erties. As the phosphomium compound, phosphonium com-
pounds represented by the following general formulae (10)
and (11) are preferable. Among them, a phosphonium com-
pound represented by the general formula (10) 1s preferable.
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In the general formula (10), Ar, to Ar, each independently
represents an aryl group or a heterocyclic group, L represents
a divalent linking group, X represents an n-valent counter
anion, n represents an integer of from 1 to 3, and m represents
a number satisiying nxm=2. Here, preferred examples of the By
aryl group include a phenyl group, a naphthyl group, a tolyl
group, a xylyl group, a fluorophenyl group, a chlorophenyl
group, a bromophenyl group, a methoxyphenyl group, an
cthoxyphenyl group, a dimethoxyphenyl group, a methoxy-
carbonylphenyl group, and a dimethylaminophenyl group.
Examples of the heterocyclic group include a pyridyl group,
a quinolyl group, a pyrimidinyl group, a thienyl group, and a 3,
turyl group.

L. represents a divalent-linking group containing prefer-

ably from 6 to 15 carbon atoms, more preferably from 6 to 12
carbon atoms.
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X" represents a counter anion. Preferred examples thereof

include a halide anion such as C17, Br™ or ™, a sulfonate anion,
a carboxylate anion, a sulfuric ester anion, PF,.~, BF,~, and a
perchlorate anion. Of these, a halide anion such as C17, Br™ or
I", a sulfonate anion, and a carboxylate anion are particularly 4

preferred.
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Specific examples of the phosphonium salts represented by
the above general formula (10), which can be used in the
invention, are shown below.
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In the general formula (11), R, to R, each independently
represents an alkyl group, an alkenyl group, an alkynyl group,
a cycloalkyl group, an alkoxy group, an aryl group, an aryloxy
group, an alkylthio group or a heterocyclic group, which may
have a substituent, or a hydrogen atom. At least two of R, to
R, may be connected to each other to form a ring. X~ repre-
sents a counter anion.

Here, when R, to R, each represents an alkyl group, an
alkoxy group or an alkylthio group, the carbon number
thereof 1s usually from 1 to 20 and, when R, to R, each
represents an alkenyl group or an alkynyl group, the carbon
number thereof 1s usually from 2 to 15 and, when R, to R,
cach represents a cycloalkyl, the carbon number thereof 1s
usually from 3 to 8. Examples of the aryl group include a
phenyl group and a naphthyl group, examples of the aryloxy

group include a phenoxy group and a naphthyloxy group,
examples of the arylthio group include a phenylthio group,
and examples of the heterocyclic group include a furyl group
and a thienyl group. Examples of the substituent which these
groups may have include an alkyl group, an alkenyl group, an
alkynyl group, a cycloalkyl group, an alkoxy group, an
alkoxycarbonyl group, an acyl group, an alkylthio group, an
aryl group, an aryloxy group, an arylthio group, a sulfino
group, a sultfo group, a phosphino group, a phosphoryl group,
an amino group, a nitro group, a cyano group, a hydroxyl
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group, and a halogen atom. Additionally, these substituents
may further have a substituent.

Examples of the anion represented by X~ include a halide
ion such as C17, Br™ or I", an mnorganic acid anion such as
Cl0,~, PF.~ or SO,~~ an organic carbocylic acid anion, and
an organic sulfonic acid anion. Examples of the organic group
of the organic carboxylic acid amion and the organic sulfonic
acid anion include methyl, ethyl, propyl, butyl, phenyl, meth-
oxyphenyl, naphthyl, fluorophenyl, difluorophenyl, pen-
tatluorophenyl, thienyl, and pyrrolyl. Of these, C17, Br~, 1™,
ClO,~ and PF .~ are preferred. Specific examples of the phos-

phonium compounds preferred in the mvention are shown
below.
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The addition amount of the phosphonium salt to the image
recording layer or the protective layer 1s preferably from 0.01
to 20% by weight, more preferably from 0.05 to 10% by
weight, most preferably from 0.1 to 5% by weight, based on
the weight of the solid components 1n each layer. Within this
range, good mking properties can be obtained.

As other components of the protective layer, glycerol or
dipropylene glycol can be added in an amount of several % by
weight based on the weight of the (co)polymer to impart
flexibility. Further, an anionic surfactant such as sodium
alkylsulfate or sodium alkylsulfonate; an amphoteric surtac-
tant such as alkylaminocarboxylate or alkylaminodicarboxy-
late; and a nonionic surfactant such as polyoxyethylene alkyl
phenyl ether can be added. These surfactants can be used in an
amount of from 0.1 to 100% by weight based on the weight of
the (co)polymer.

For the improvement of adhesion with image areas, 1t 1s
described in, for example, JP-A-49-70702 and British Patent
Application 1,303,578 that sufficient adhesion can be
obtained by mixing from 20 to 60% by weight of an acrylic
emulsion, a water-insoluble vinylpyrrolidone-vinyl acetate
copolymer, etc., mnto a hydrophilic polymer primarily com-
prising polyvinyl alcohol, and laminating the resulting mix-
ture on an 1mage recording layer. Any of these known tech-
niques can be used in the invention.

Other functions can be imparted to the protective layer. For
example, safelight aptitude can be improved without causing
reduction of sensitivity by the addition of a colorant excellent
in transmission of infrared rays used for exposure and capable
of efficiently absorbing rays of other wavelengths (e.g.,
water-soluble dyes).

General methods of dispersing the layered compound for
use 1n the protective layer are described below. In the first
place, from 5 to 10 parts by weight of a swellable layered
compound 1llustrated hereinbefore as a preferred example of
the layered compound 1s added to 100 parts by weight of
water so as to make thoroughly mtimate with water to swell,
and then dispersed 1n a disperser. As the disperser to be used
here, various kinds of mills which directly apply force
mechanically to effect dispersion, high speed stirring type
dispersers having great shearing force, and dispersers giving

ultrasonic energy of high strength are illustrated. Specific
examples thereof include a ball mill, a sand grinder muill, a
visco mill, a colloid mill, a homogenizer, a dissolver, a POLY-
TRON, a homomixer, a homoblender, a KD mill, a JET
AJITER, a capillary emulsifier, a liquid siren, an electromag-
netic distortion type ultrasonic wave generator, and an emul-
sifier having a Poleman whistle are 1llustrated. The dispersion
containing 5 to 10% by weight of inorganic layered com-
pound dispersed by the above-described method 1s highly
viscous or gel-like and very excellent 1n storage stability.
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Upon preparing a coating solution for forming the protective
layer by using the dispersion, 1t 1s preferred to dilute the
dispersion with water and thoroughly stir, and then blend with
a binder solution.

To the coating solution for forming the protective layer can
be added known additives such as an anionic surfactant, a
nonionic surfactant, a cationic surfactant, and a fluorine-
containing surfactant to improve coating properties, and a
water-soluble plasticizer to improve physical properties of
the film. Examples of the water-soluble plasticizers include
propionamide, cyclohexanediol, glycerol, and sorbitol. Fur-
ther, a water-soluble (meth)acrylic polymer can be added. In
addition, known additives may be added to the coating solu-
tion in order to improve the adhesion with an 1image recording,
layer and aging stability of the coating solution.

The protective layer 1s formed by coating the thus prepared
coating solution for forming the protective layer on the image
recording layer provided on a support and drying. Coating
solvents can be arbitrarily selected in connection with the
binder and, when a water-soluble polymer 1s used, 1t 1s pre-
terred to use distilled water or purified water as the coating
solvent. The coating method of the protective layer 1s not
particularly limited and known methods, e.g., the methods
disclosed in U.S. Pat. No. 3,458,311 and JP-B-55-49729 can
be used. Specifically, the protective layer 1s coated by, for
example, a blade coating method, an air knife coating
method, a gravure coating method, a roll coating method, a
spray coating method, a dip coating method, or a bar coater
coating method.

The coating amount of the protective layer 1s in the range of
preferably from 0.01 to 10 g¢/m” in dry weight, more prefer-
ably from 0.02 to 3 g/m?, and most preferably from 0.02 to 1

2

og/m-.
| Lithographic Printing Method]

As a light source for exposing the lithographic printing
plate precursor of the invention, known ones can be used.
Specifically, 1t 1s preferred to use various lasers as light
sources. In the lithographic printing method of the invention,
the lithographic printing plate precursor 1s 1magewise
exposed by means of an infrared laser. The infrared laser to be
used 1s not particularly limited, and preferred examples
thereof include a solid state laser and a semiconductor laser

radiating infrared rays of from 760 to 1,200 nm 1n wave-
length.

Regarding exposure mechanism, any of an internal drum
system, an external drum system, and a flat bed system may
be employed. The output of the infrared layer 1s preferably
100 mW or more. For shortening exposure time, 1t 1s preferred
to use a multi-beam laser device. The exposure time per pixel
1s preferably not longer than 20 us. The quantity of 1rradiation
energy is preferably from 10 to 300 mJ/cm”.

In the lithographic printing method of the invention, after
the lithographic printing plate precursor of the mvention 1s
imagewise exposed, printing is carried out by supplying an
oily ink and an aqueous component without subjecting the
precursor to development processing, as described above.

Specifically, there are 1llustrated a method of subjecting the
lithographic printing plate precursor to inirared laser expo-
sure, and then mounting the exposed printing plate precursor
on a printing press without subjecting the precursor to devel-
opment processing and performing printing, and a method of
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mounting the lithographic printing plate precursor on a print-
ing press, and then exposing the printing plate precursor with
inirared laser beams on the printing press, and performing
printing without subjecting to development processing.

When the on-machine-developable lithographic printing
plate precursor 1s 1magewise exposed with infrared laser
beams and then printing 1s performed by supplying an aque-
ous component and an o1ly ink without development process-
ing such as wet development processing, the image recording
layer cured by exposure forms oily ink-receiving areas having

an oleophilic surface at the exposed areas of the image record-
ing layer. On the other hand, in the unexposed areas, the
non-cured i1mage recording layer 1s dissolved or dispersed
away with the supplied agqueous component and/or the oily

ink, and the hydrophilic surface i1s bared at that arecas. As a
result, the aqueous component adheres to the bared hydro-
philic surface, whereas the oily ink adheres to the image
recording layer 1n the exposed areas, followed by starting
printing.

Here, the one supplied first to the printing plate may be the
aqueous component or may be the oily k. With the on-
machine-developable lithographic printing plate precursor of
the invention, it 1s preferred to first supply the o1ly ink 1n the
point of preventing the aqueous component from being
stained with the unexposed areas of the image recording
layer. As the aqueous component and the oily ink, those
dampening waters and printing inks which are commonly
used for lithographic printing can be used, respectively.

Thus, the lithographic printing plate precursor 1s on-ma-
chine-developed on an offset printing machine and 1s used as
it 1s for producing many prints.

EXAMPLES

The mvention will be described in detail by reference to
examples, but the mvention is not limited thereto at all.

Synthesis Example 1

Synthesis of Illustrative Cyanine Dye (IR-2)

A solution of 2.5 g of the following sulfonium salt (B) in 15
ml of N-methylpyrrolidone (hereinaiter abbreviated as

“NMP”) 1s cooled to 0° C., and 0.23 g of sodium hydrnde

(manufactured by Kanto Chemical Co., Inc.; dispersion 1n
paraifin liquid; 55% by weight) 1s added thereto by portions,

followed by stirring for 30 minutes. After stirring, a solution
of 2.0 g of 2-[2-[2-chloro-3-[2-(1,3-dihydro-1,3,3,5-tetram-
cthyl-2H-1ndol-2-ylidene)-ethylidene]-1-cyclopenten-1-yl-
cthenyl]1,3,3,5-tetramethyl-3H-1indolium chloride (A) 1n 15
1 of NMP 1s dropwise added thereto, and the mixture 1s
turther stirred for 30 minutes, with the temperature rising to
room temperature. Subsequently, this reaction solution 1s
dropwise added to an aqueous solution of 2.0 g of potassium
hexafluorophosphate in 150 ml of water, and 1s stirred for 30
minutes at room temperature. Crystals precipitated are col-
lected by filtration, washed with water, and dried to obtain 1.3

g (yield: 34%) of the 1llustrative cyanine dye (IR-2). Identi-
fication 1s conducted through electron absorption spectrum

and "H-NMR (solvent: DMSO).
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Electron absorption spectrum of the illustrative cyanine dye
(IR-2) (methanol): absorption maximum wavelength: 809
nm; absorption maximum mol absorption coetficient: 271000

"H-NMR (400 MHz; DMSO-d6): § 8.11 (d, J=9.0 Hz, 2H),
7.88 (m, 8H), 7.66 (d, J=9.0 Hz, 2H), 7.38-7.23 (8H, m), 5.96
(d,J=12.4 Hz, 2H), 4.08 (q, J=7.0 Hz, 4H), 2.92 (s, 4H), 2.37
(s, 6H), 1.26-1.21 (m, 18H).

Synthesis Example 2
Synthesis of Illustrative Cyanine Dye (IR-66)

A solution of 0.45 g of 3-hydroxypyridine-N-oxide 1n 10
ml of NMP 1s cooled to 0° C., and 0.18 g of sodium hydride
(manufactured by Kanto Chemical Co., Inc.; dispersion in
paraifin liquid; 55% by weight) 1s added thereto by portions,
tollowed by stirring for 30 minutes. After stirring, a solution
of 1.0 g of 2-[2-]2-chloro-3-[2-(1,3-dihydro-1,3,3,5-tetram-
cthyl-2H-1ndol-2-ylidene)-ethylidene]-1-cyclopenten-1-yl-
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cthenyl]-1,3,3,5-tetramethyl-3H-1indolium chloride (A) 1 8
ml of NMP 1s dropwise added thereto, and the mixture 1s
turther stirred for 30 minutes, with the temperature rising to
room temperature. The reaction solution 1s dropwise added to
300 ml of water, and resulting crystals are collected by filtra-
tion, washed with water, and dnied to obtain 0.75 g of an
intermediate (C) (vield: 43%). 0.5 g of the thus-obtained
intermediate (C) 1s dissolved 1n 3 ml of chloroform, and 0.20
g of ethyl triflate 1s dropwise added thereto at room tempera-
ture, followed by stirring as 1t 1s for 6 hours. After completion
of the stirring, 100 ml of n-hexane 1s added to the reaction
solution, and a solid product precipitated 1s dissolved 1n
methanol, and dropwise added to an aqueous solution of 1.0
g ol potassium hexafluorophosphate 1n 100 ml of water, fol-
lowed by stirring for 30 minutes at room temperature. Crys-
tals precipitated are collected by filtration, washed with
water, and dried to obtain 0.43 g (yield: 78%) of the illustra-
tive cyanine dye (IR-66). Identification 1s conducted through
electron absorption spectrum, 'H-NMR (solvent: DMSQ),

and ""F-NMR (solvent: DMSO).
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Electron absorption spectrum of the illustrative cyamine dye
(IR-66) (methanol): absorption maximum wavelength: 810 49
nm; absorption maximum mol absorption coetficient: 237000

'H-NMR (400 MHz; DMSO-d6): 8 9.92 (s, 1H), 9.31 (d,
J=5.0Hz, 1H), 8.51 (d, J=7.0 Hz, 1H), 8.28 (dd, J=7.0, 5.0 Hz,
1H), 7.40-7.20 (m, 8H), 6.03 (d, I=14.0 Hz, 2H), 4.76 (q
1=7.2 Hz, 2H), 4.17 (q, J=7.2 Hz, 4H), 2.95 (s, 4H), 2.35 (s,
6H), 1.46-1.39 (m, 15H), 1.03 (m, 6H).

45

Examples 1 to 6 and Comparative Example 1
50

Preparation of a Lithographic Printing Plate
Precursor

(1) Preparation of Support 55

An aluminum sheet (material, 1050) having a thickness of
0.3 mm 1s subjected to a degreasing treatment with 10% by
weight aqueous sodium aluminate solution at 50° C. for 30
seconds 1n order to remove the rolling o1l remaining on the
surface thereof. Thereatfter, the aluminum surface 1s grained 60
with three brushes having nylon bundles set therein having a
bristle diameter o1 0.3 mm and with an aqueous suspension of
pumice having a median diameter of 25 um (specific gravity
of the suspension, 1.1 g/cm’), and then sufficiently washed
with water. This sheet 1s immersed for 9 seconds 1 25% by 65
welght aqueous sodium hydroxide solution having a tempera-
ture of 45° C. to conduct etching and then washed with water.

-
2} KPF/ H,O—MeOH

Thereaftter, the sheet 1s immersed in 20% by weight nitric acid
at 60° C. for 20 seconds and washed with water. In this
operation, the amount of the grained surface layer removed by
etching is about 3 g/m~.

Next, an electrochemical surface-roughening treatment 1s
continuously conducted using a 60-Hz AC voltage. The elec-
trolytic solution used for this treatment 1s 1% by weight
aqueous nitric acid solution (containing 0.5% by weight alu-
minum 1on), and the temperature of the solution 1s 50° C. The
AC power source used 1s one providing a trapezoidal rectan-
gular wave alternating current wherein the TP, which 1s the
time required for the current value to increase from zero to a
peak, 1s 0.8 msec and the duty ratio 1s 1:1. A carbon electrode
1s used as a counter electrode to conduct the electrochemaical
surface-roughening treatment using ferrite as an auxiliary
anode. The current density is 30 A/dm~ in terms of peak value.
To the auxiliary anode 1s supplied 5% of the current flowing
from the power source. The quantity of electricity 1n the nitric
acid electrolysis is 175 C/dm” in terms of the quantity of
clectricity at the time when the aluminum sheet 1s functioning
as an anode. After this treatment, the aluminum sheet 1s
washed with water by spraying.

Further, an electrochemical surface-rougheming treatment
with an electrolytic solution consisting of 0.5% by weight
aqueous hydrochloric acid solution (containing 0.5% by
welght aluminum 1on) and having a temperature of 50° C. 1s
conducted under the conditions of a quantity of electricity of
50 C/dm? at the time when the aluminum sheet is functioning
as an anode, 1n the same manner as 1n the nitric acid electroly-
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s1s. The sheet 1s then water-washed by spraying. This sheet 1s
subjected to direct-current anodization at a current density of
15 A/dm* using 15% by weight sulfuric acid (containing
0.5% by weight aluminum 10n) as an electrolytic solution to
provide an anodized coating in an amount of 2.5 g/m?>, sub-
sequently washed with water, and dried. This substrate 1s
examined for center-line average surtace roughness (Ra) with
a pointer having a diameter of 2 um. As a result, the average
surface roughness thereof 1s found to be 0.51 um. Further, the
tollowing undercoating solution (1) 1s applied to the support
in an amount of 6 mg/m~ on a dry basis to prepare a support.

-Undercoating solution (1 )-

Undercoating compound (1) 0.017 g
(weight-average molecular weight: 60,000)

Methanol 9.00 g
Water 1.00 g

Undercoating compound (1)

M
i i /(»\/O);PO(OH)z

38
O N
H

20
O N
H

“H;N

M
O/\O/\/ OH

(2) Formation of an Image Recording Layer and a Protective
Layer

A coating solution for forming an 1image recording layer,
which has the following formulation, 1s applied by bar coat-
ing on the support having provided thereon the above-de-
scribed undercoat layer, and then dried in an oven at 100° C.
tor 60 seconds to form an 1mage recording layer in an amount
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of 1.0 g¢/m on a dry basis. Subsequently, a coating solution for
forming a protective layer, which has the following formula-
tion, 1s applied by bar coating on the aforesaid image record-
ing layer, and then dried 1n an oven at 120° C. for 60 seconds
to form a protective layer in an amount of 0.15 g/m* on a dry
basis. Thus, there are obtained lithographic printing plate
precursors (1) to (6) and a comparative lithographic printing
plate precursor (R1).

Each coating solution forming the image recording layer 1s
obtained by mixing, immediately before coating, each pho-

tosensitive solution described 1n Table 1 with the following
micro-gel solution (1), and stirring the mixture.

Additionally, 1 the photosensitive solution (R1) used 1n
Comparative Example 1, a comparative inirared ray absor-
bent (R-1) of the following structure 1s used in place of the
particular cyanine dye of the invention.

-Photosensitive solutions (1) to (9) and (R1)-

(B) Binder polymer (1) 0.177 g
(A) Infrared ray absorbent X g
(compound shown in Table 1)

(C) Polymerizable monomer 0.319 ¢

(ARONIX M-213; manufactured by Toagosei Co., Ltd.)

Polymerization initiator Y g
(compound shown in Table 1)

Phosphonium compound (1) 0.035 ¢
Fluorine-containing surfactant (1) 0.004 g
Anionic surfactant 0.125 ¢
(Pionin A-24-EA; manufactured by Takemono Oi1l &

Fat Co., Ltd.; 40% by weight aq. soln.)

Methyl ethyl ketone 2.554 ¢
1-Methoxy-2-propanol 7.023 ¢
Micro-gel solution (1) 1.800 g
Water 1.678 g

—Synthesis of Micro-Gel Dispersion (1)—

As an o1l phase component, 10.0 g of a trimethylolpropane
and xylene duisocyanate adduct (manufactured by Mitsui
Takeda Chemical Co., Ltd.; TAKENATE D-110N; 75% by
weight ethyl acetate solution), 6.00 g of a polymerizable
monomer of ARONIX M-215 (manufactured by Toagosei
Co., Ltd.), and 0.12 g of Piomin A-41C (manufactured by
Takemonto O1l & Fat Co., Ltd.) are dissolved 1n 16.67 g of
cthyl acetate. As an aqueous phase component, 37.5 gofa4%
by weight aqueous solution of PVA-203 i1s prepared. The o1l
phase component and the aqueous phase component are
mixed with each other, and emulsified 1n a homogenizer at
12,000 rpm. The thus-obtained emulsion 1s added to 25 g of
distilled water and, after stirring at room temperature for 30
minutes, the mixture 1s stirred at 40° C. for 2 hours. The
thus-obtained microcapsule solution 1s diluted with distilled
water so that the concentration of solid components becomes
21% by weight, thus a micro-gel dispersion (1) being
obtained. The average particle size 1s found to be 0.23 um.

Structures of individual compounds used 1n the foregoing
photosensitive solution are shown below.

Binder polymer (1)

M 80

O/\OCHg O

(OCHQCH2)4 - OCH3
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-continued
Fluorine-containing surfactant (1)

—6CH2(‘3HW

COOC,H,CeF 3

—6CH2(‘3HW
C—(OCHy)1—

O

(OC3Hg ) —(0OC,Hy) ;—OH

Phosphonium compound (1)
b dﬁ

Comparative cyanine dye (R-1)

\

\_/

(\/\/O/\/\ ]

Comparative polymerization initiator (R-1)

OO

Coating solution for forming a protective layer

Dispersion (1) of the following inorganic layered compound 1.5 g
Polyvinyl alcohol 0.06 g
(PVA 105; manufactured by Kuraray Co., Ltd.; degree of

saponification: 98.5 mol %; degree of polymerization: 500)
Polyvinylpyrrolidone 0.01 g
(polyvinylpyrrolidone K30; manufactured by Tokyo Chemical

Industry Co., Ltd.; Mw = 40,000)

Vinylpyrrolidone/vinyl acetate copolymer 0.01 g

(LUVITEC VA64W; manufactured by ISP; copolymerization
ratio = 6/4)

—Preparation of the Dispersion (1) of the Inorganic Layered
Compound—

To 193.6 g of deionized water 1s added 6.4 g of synthetic
mica SOMASHIF ME-100 (manufactured by Co-op Chemi-

cal Co., Ltd., followed by dispersing using a homogenizer till
the average particle size (laser scattering method) becomes
3 um. The aspect ratio of the thus-obtained dispersed particles
of the layered compound 1s found to be 100 or more.
(Exposure and Printing)

Each of the lithographic printing plate precursors (1) to (5)
and (R1) obtained 2 1s subjected to exposure with Trendsetter

3244VX (manufactured by Creo Products Incorporated)
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loading a water-cooling type 40 W 1infrared semiconductor
laser on the conditions of output of 11.7 W, outer drum rota-
tion of 250 rpm, and resolution of 2,400 dpi.

(Evaluation of Lithographic Printing Plate Precursor)

The plate-inspecting properties, on-machine delopability,
and printing durability of the lithographic printing plate pre-
cursors are evaluated as follows. The results obtained are
shown 1n Table 1.

(1) Plate-Inspecting Properties

The exposed printing plate precursor 1s allowed to stand 1n
a dark place at 25° C., 50% RH for 30 minutes or 3 hours as
it 1s, followed by evaluating plate-inspecting properties.
Degree of ease of mnspecting the printing plate 1s represented
in terms of the difference 1n L value between exposed areas

and unexposed areas, AL, using L values (lightness) of the
L*a*b* color specification. The greater AL value means more
excellent inspecting properties. When this value 1s 2.0 or
more, the sample can be said to be excellent in visually

ispecting properties. The measurement 1s performed using a
spectro-colorimeter CM2600d (manufactured by KONICA

MINOLTA HOLDINGS, INC.) and operation software (CM -
S100W) according to SCE (specularly retlected light exclu-

s1on) method. In the SCE method
excl

, specularly reflected light 1s
so that the
1ning toward visual observation and

luded and only diffused light 1s measured,

evaluated color 1s 1nc.
well relates to the mspection by human eyes.

(2) Evaluation of On-Machine Developability

Further, the thus-obtained exposed printing plate precursor
1s mounted on a cylinder of a printing machine SOR-M
(manufactured by Heidelberg). A dampening water (EU-3 (an
etching solution manufactured by Fuj1 Photo Film Co., Ltd.)/

water/isopropyl  alcohol=1/89/10 (by volume)) and
TRANS-G (N) sumi ink (manufactured by Dainippon Ink and
Chemicals Inc.) are fed as the dampening water solution and
ink, and printing 1s performed at a printing speed of 6,000
sheets per hour. In this occasion, the number of sheets of
printing paper required up to the time when unexposed areas
(non-1mage areas) of the image recording layer acquires a
state of repelling the 1k 1s counted to evaluate on-machine
developability. A tested sample with a smaller number of the
sheets 1s evaluated to be more excellent 1n on-machine devel-

opability.
(3) Evaluation of Printing Durability

As printing 1s Turther continued to increase the number of
the sheets of printing paper, the 1image recording layer 1s
gradually abraded to suffer reduction 1n ink-receptive prop-
erties, leading to reduction 1n ink density 1n printed products.
Printing durability 1s evaluated 1n terms of the number of
sheets of printed products when the 1ink density 1s lowered by
0.1 than upon mitiation of printing. A tested sample with a
larger number 1s evaluated to be more excellent in printing
durability.

It 1s confirmed from the results shown in Table 1 that, when
laser-exposed, the lithographic printing plate precursor to
which the photosensitive composition of the mvention 1s
applied produces good contrast between exposed areas and
unexposed areas, thus having excellent viewability (inspect-
ing properties). In addition, every lithographic printing plate
precursor 1s excellent 1n on-machine developability and
shows practically sufficient printing durability as a printing
plate.
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TABLE 1
Infrared Ray
Absorbent Polymerization Initiator
Lithographic Added Added Plate- On-machine Printing
Printing Plate Photosensitive Amount Amount inspecting Developability  Durability
Precursor Solution Structure X (g) Structure Y (g) Properties AL (sheets) (x1000)

Example 1 1 1 IR-2 0.0389 — — 3 50 16
Example 2 2 2 IR-33 0.0382 — — 3.5 60 19
Example 3 3 3 IR-66 0.0313 — — 2.5 50 14
Example 4 4 4 IR-36 0.0311 — — 2.5 60 13
Example 5 5 5 IR-19 0.0394 — — 2 60 16
Example 6 6 6 IR-1 0.0408 — — 2 60 16
Comparative R1 R1 R-1 0.0252 (R-1) 0.0197 0.8 50 2
Example 1

Examples 7, 8
Comparative Example 2
Preparation of Support

A 0.3 mm-thick aluminum plate according to JIS-A-1030
1s treated by practicing the following steps in combination.
(a) Mechanical Surface-Roughening Treatment

A mechanical surface-roughening treatment 1s performed
by using a rotating roller-shaped nylon brush while supply-
ing, as an abrasive slurry, a suspension of an abrasive (sili-
ceous sand) having a specific gravity of 1.12 in water to the
aluminum plate surface. The average particle size of the abra-
stve 1s 8 um, and the maximum particle size 1s 50 um. The
nylon brush used 1s made of 6-10-nylon and has a bristle
length of 50 mm and a bristle diameter of 0.3 mm. This nylon
brush 1s produced by perforating holes 1n a stainless steel-
made cylinder having a diameter of 300 mm and densely
implanting bristles in the holes. Three rotary brushes are used.
The distance between two support rollers (¢200 mm) dis-
posed below the brush 1s 300 mm. The brush roller 1s pressed
to the aluminum plate until the load of the driving motor for
rotating the brush becomes 7 kW larger than the load before
the brush roller 1s pressed to the aluminum plate. The rotating
direction of the brush 1s the same as the traveling direction of
the aluminum plate. The rotation number of the brush 1s 200
rpm.

(b) Alkali Etching Treatment

An etching treatment 1s performed by spraying an aqueous
NaOH solution (concentration: 26% by weight; aluminum
ion concentration: 6.5% by weight) at a temperature o1 70° C.
onto the obtained aluminum plate to dissolve 6 g/m~ of the
aluminum plate. Thereatter, the aluminum plate 1s washed by
spraying well water.

(c) Desmutting Treatment

A desmutting treatment 1s performed by spraying a 30° C.
aqueous solution having a nitric acid concentration of 1% by
weight (containing 0.5% by weight of aluminum 1on), and
then the aluminum plate 1s water-washed by spraying. As the
aqueous nitric acid solution used for the desmutting, the
waste solution from the step of performing electrochemical
surface roughening by using AC in an aqueous nitric acid
solution 1s used.

(d) Electrochemical Surface-Roughening Treatment

An electrochemical surface-roughening treatment 1s con-
tinuously performed by using AC voltage of 60 Hz. In this
occasion, the electrolytic solution 1s an aqueous solution con-
taining 10.5 g/liter of nitric acid (contaiming 5 g/liter of alu-
minum 10n) and having a temperature of 50° C. The electro-
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chemical surface-roughening treatment i1s performed by
using an AC power source of rectangular wave AC with a
trapezoidal wavetform such that the time TP necessary for the
current value to reach the peak from 0 1s 0.8 msec and the duty
ratio 1s 1:1, and disposing a carbon electrode as the counter
clectrode. The auxiliary anode 1s ferrite. The electrolytic cell
used 1s a radial cell type.

The current density is 30 A/dm” in terms of the peak value
of current, the total quantity of electricity during the time of
the aluminum plate serving as the anode is 220 C/dm~, and
5% of the current flowing from the power source 1s fed to the
auxiliary anode.

Thereaftter, the aluminum plate 1s washed by spraying well
water
(¢) Alkali Etching Treatment

The aluminum plate 1s etched at 32° C. by spraying an
etching solution having a sodium hydroxide concentration of
26% by weight and an aluminum 10n concentration of 6.5%
by weight to dissolve 3.4 g/m” of the aluminum plate,
whereby the smut component mainly comprising aluminum
hydroxide produced at the electrochemical surface-roughen-
ing performed by using AC 1n the previous stage 1s removed,
and the edge portion of the produced pit 1s dissolved to
smoothen the edge portion. Thereatter, the aluminum plate 1s
washed by spraying well water.

(1) Desmutting Treatment

A desmutting treatment 1s performed by spraying a 30° C.
aqueous solution having a nitric acid concentration of 15% by
weight (containing 4.5% by weight of aluminum 1on), and
then the aluminum plate 1s washed by spraying well water. As
the aqueous nitric acid solution used for the desmutting, the
waste solution from the step of performing electrochemical
surface-roughening by using AC in an aqueous nitric acid
solution 1s used.

(g) Electrochemical Surface-Roughening Treatment
An electrochemical surface-roughening treatment 1s con-

tinuously performed by using AC voltage of 60 Hz. In this
occasion, the electrolytic solution 1s a35° C. aqueous solution
containing 7.5 g/liter of hydrochloric acid (containing 5 g/11-
ter of aluminum 10n). The electrochemical surface-roughen-
ing treatment 1s performed by using an AC power source with
a rectangular wavetform and disposing a carbon electrode as
the counter electrode. The auxiliary anode 1s ferrite. The

clectrolytic cell used 1s a radial cell type.

The current density is 25 A/dm* in terms of the peak value
of current, and the total quantity of electricity during the time
of the aluminum plate serving as the anode is 50 C/dm".

Thereatter, the aluminum plate 1s washed by spraying well
water.
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(h) Alkal1 Etching Treatment

The aluminum plate 1s etched at 32° C. by spraying an
etching solution having a sodium hydroxide concentration of
26% by weight and an aluminum 1on concentration of 6.5%
by weight to dissolve 0.10 g/m® of the aluminum plate,
whereby the smut component mainly comprising aluminum
hydroxide produced at the En electrochemical surface-rough-
cening performed by using AC in the previous stage 1is
removed, and the edge portion of the produced pit 1s dissolved
to smoothen the edge portion. Thereatter, the aluminum plate
1s washed by spraying well water.

(1) Desmutting Treatment

A desmutting treatment 1s performed by spraying a 60° C.
aqueous solution having a sulfuric acid concentration of 25%
by weight (containing 0.5% by weight of aluminum 1on), and
then the aluminum plate 1s washed by spraying well water.
(1) Anodization Treatment

As the electrolytic solution, sulfuric acid 1s used. The elec-
trolytic solution has a sulfuric acid concentration of 170 g/li1-
ter (containing 0.5% by weight of aluminum 1on), and the
temperature thereof 1s 43° C. Thereafter, the aluminum plate
1s washed by spraying well water.

The current density is about 30 A/dm*. The final oxide film
coverage is 2.7 g/m”.

Subsequently, the thus-obtained support is subjected to the
tollowing hydrophilicity-imparting treatment and the under-
coating treatment.

(k) Alkal1 Metal Silicate Treatment

An alkali metal silicate treatment (silicate treatment) is
performed by dipping the resulting aluminum support
obtained by the anodization treatment in a 30° C. aqueous 1%
by weight No. 3 sodium silicate solution retained 1n a treating,
tank for 10 seconds. Thereatter, the aluminum plate 1s washed
by spraying well water. In this occasion, the deposition
amount of silicate is 3.6 mg/m”~.

(Undercoating Treatment)

An undercoating solution of the following formulation 1s
applied to the aluminum support obtained as described above
after the alkali metal silicate treatment, and dried at 80 C {for
15 seconds. The coated amount after drying is 16 mg/m~.

<Formulation of undercoating solution>

High molecular compound shown below 03 g
Methanol 100 g
Water 1.0 g
— (CH—CH)gs— ——(CHy—CH);5—
/l\‘ /l\‘
COOH N
N+(C2H5)3Cl_

welght-average
molecular weight: 26,000

A coating solution for forming the first layer (undercoat
layer) of the following formulation 1s coated on the thus-
obtained support by a wire bar, and dried in a 120° C. drying
oven for 30 seconds to form an undercoat layer in a coated
amount of 0.95 g/°.

A coating solution for forming the second layer (upper
layer) of the following formulation 1s coated on the thus-
obtained undercoated support by a wire bar, and dried in a
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drying oven at 110° C. for 60 seconds to coat 1n a total coated
amount of 1.25 g/m2, thus positive-working lithographic
printing plate precursors of Examples 7 and 8 and Compara-
tive Example 2 being prepared.

<Coating solution for forming the first layer (undercoat layer)>

Copolymer 1 (synthesized as described below) 1.833 ¢
Cyanine dye A (of the following structure) 0.098 g
2-Mercapto-5-methylthio-1,3,4-thiadiazole 0.030 g
cis-A*-tetrahydrophthalic acid anhydride 0.100 g
4.4'-Sulfonyldiphenol 0.090 ¢
p-Toluenesulfonic acid 0.008 g
Ethyl Violet wherein the counter anion is changed to 0.100 g
6-hydroxynaphthalanesulionate

3-Methoxy-4-diazodiphenylamine hexafluoro-phosphated 0.030 g
Fluorine-containing surfactant 0.035 ¢
(Megafac F-780; manufactured by Dainippon

Ink & Chemicals, Inc.)

Methyl ethyl ketone 26.6 g
1-Methoxy-2-propanol 13.6 g
v-Butyrolactone 13.8 g

Cyanine dye A

O SOS-

<Synthesis of Copolymer 1>
31.0 g (0.36 mol) of methacrylic acid, 39.1 g (0.36 mol) of

cthyl chloroformate, and 200 ml of acetonitrile are placed 1n
a 500-ml three-neck flack equipped with a stirrer, a cooling
tube and a dropping funnel, and the mixture 1s stirred under
cooling 1n an ice-water bath. 36.4 g (0.36 mol) of triethy-
lamine 1s dropwise added to this mixture over about 1 hour
through the dropping funnel. After completion of the drop-
wise addition, the ice-water bath 1s removed, and the mixture
1s stirred at room temperature for 30 minutes.

51.7 g (0.30 mol) of p-aminobenzenesulfonamide 1s added
to this reaction mixture, and the mixture is stirred for one hour
while warming the mixture to 70° C. 1n an o1l bath. After
completion of the reaction, this mixture 1s introduced 1nto 1
liter of water while stirring the water, followed by stirring the
resulting mixture for 30 minutes. This mixture is filtered to
collect a precipitate, and the precipitate 1s formed into a slurry
with 500 ml of water. This slurry i1s filtered, and the thus-
obtained solid product 1s dried to obtain a white solid of
N-(p-aminosulionylphenyl)methacrylamide (vield: 46.9 g).

Next, 4.61 g (0.0192 mol) of N-(p-aminosulionylphenyl)
methacrylamide, 2.58 g (0.0238 mol) of ethyl methacrylate,
0.80 g (0.015 mol) of acrylonitrile, and 20 g KR of N,N-
dimethylacetamide are placed 1n a 20-ml three-neck flack
equipped with a stirrer, a cooling tube and a dropping funnel,
and the mixture 1s stirred while heating to 65° C. in a warm
water bath. To this mixture 1s added, as a polymerization
mitiator, 0.15 g of 2,2'-azobis(2,4-dimethylvaleronitrile)
(trade name: “V-65""; manufactured by Wako Pure Chemaical
Industries, Ltd.), and the resulting mixture 1s stirred for 2
hours 1n a stream of nitrogen while keeping the temperature at
65° C. To this reaction mixture 1s further dropwise added a
mixture of 4.61 g of N-(p-aminosulfonylphenyl)methacryla-
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mide, 2.58 g of methyl methacrylate, 0.80 g of acrylonitrile,
20 g of N,N-dimethylacetamide, and 0.15 g of *“V-65" over 2
hours through the dropping funnel. After completion of the
dropwise addition, the resulting mixture 1s stirred for further

2 hours at 65° C. After completion of the reaction, 40 g of >

methanol 1s added to the mixture, followed by cooling. The
thus-obtained mixture 1s introduced nto 2 liters of water
while stirring this water and, after stirring the mixture for 30
minutes, the precipitate 1s collected by filtration, and dried to
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out stain and coloration caused by residual photosensitive
layer due to msuificient development, 1s evaluated as devel-
opment latitude.
2. Ink-Receptive Properties

The lithographic printing plate precursor 1s 1magewise
exposed with a setter exposure amount of 6.0 W and at a
rotation speed of 100 rpm using Trendsetter 3244F manufac-
tured by Creo, development processed with a developing
solution DT-1 manufactured by Fuj1 Photo Film Co., Ltd.

obtain 15 g of a white solid product. The weight-average 10 under standard conditions, and then mounted on a printing
molecular weight (in terms of polystyrene) of this particular machine for performing relative evaluation in terms of the
copolymer 1 1s measured by gel permeation chromatography, number of printed sheets which are necessary for obtaining a
and 1s found to be 34,000. print wherein the ink 1s correctly deposited on 1mage areas
with no problems. The results are shown as relative values
15 . : .
taking, as the standard (100), the time necessary for the litho-
| . | graphic printing plate precursor of Example 7 to provide
<Coating solution for forming the second layer (upper layer)> pI‘iIltS having no problems. A higher value means a higher
Copolymer of ethyl methacrylate and 2-methacryloyl- 0.040 g ink-r eceplive properties, thus belng pr eferred.
oxyethyl succinate (molar ratio: 60:40; weight-
average molecular weight: 100,000) 20
Phenol/cresol-formaldehyde novolak 0400 g
(phenol:m-cresol:p-cr ?SOI = 80:10:10; weight- <Formulation of the alkali deveping solution>
average molecular weight: 12,000)
Particular cyanine dye (described in Table 2) X g D-Sorbitol 2.5% by weight
Onium salt (compound described 1n Table 2) Y g Sodium hydroxide 0.85% by weight
Ethyl Violet wherein counter anion 1s changed to 0.012 g 25 Polyethylene glycol lauryl ether 0.5% by weight
6-hydroxynaphthalenesulfonate (weight-average molecular weight: 1,000
Fluorine-containing surfactant 0.022 g Water 96.15% by weight
(Megafac F-780; manufactured by Damnippon Ink &
Chemicals, Inc.)
?Ifath}ti ﬂth}’é ketone 1 é%-; g <Evaluation of Lithographic Printing Plate Precursors of
TRy TPIOPEIS 78 30 Examples 7 and 8 and Comparative Example 2>
Each of the lithographic printing plate precursors of
| Evaluation of Lithographic Printing Plate Precursor] Examples 7 and 8 and Comparative Example 2 are evaluated
The lithographic printing plate precursors are evaluated in in terms of development latitude and ink-receptive properties
terms of development latitude and ink-receiving properties. according to the above-described method. The results thus
Details of the evaluation methods are as shown below, obtained are shown 1n Table 2.
TABLE 2
Particular Cyanine
Dve Onium Salt
Lithographic Added Added Ink-
Printing Plate  Photosensitive Amount Amount Development receptive
Precursor Solution Structure X (g) Structure Y (g) Latitude Properties
Example 7 (7) (7) IR-1 0.0389 _ _ 7.5 100
Example 8 (8) (8) IR-32 0.03%82 - - 8.0 110
Comparative (R2) (R2) Cyanine 0.015 (R-2) 0.011 6.5 50
Example 2 Dve (A)
1. Development Latitude so  lhecomparative onium salt used in Comparative Example
On the obtained lithographic printing plate precursor, a test 2 15 as shown below.
pattern 1s imagewise-drawn by Trendsetter 3244VX, manu-
factured by Creo, at a beam intensity of 6.0 W and a drum
rotation speed of 100 rpm after storing the precursor for two
days under the conditions of35° C. in temperature and 65%in °° R-2)
relative humadity. Cl
Thereatfter, the exposed lithographic printing plate precur- /l\
sor 1s developed for 40 seconds using a PS processor 900H AN
manutactured by Fuj1 Photo Film Co., Ltd. loaded with an ‘
alkaline developing solution of the following formulation F
wherein the weight ratio of water 1s changed to alter dilution
ratio and change electrical conductivity and which has a AN /S&)\ e N
temperature o1 30° C. In this occasion, difference between the ‘ ‘
maximum value and the minimum value 1n terms of electrical 65

conductivity of the developing solution which does not dis-
solve image areas and which permits good development with-

Cl Cl
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-continued

As 1s shown 1n Table 2, 1t can be seen that the lithographic
printing plate precursors of Examples 7 and 8 are lithographic
printing plate precursors excellent in both development lati-
tude and ink-receptive properties 1 comparison with the
lithographic printing plate precursor of Comparative
Example 2.

According to the invention, there can be provided a litho-
graphic printing plate precursor capable of forming a printing
plate having excellent printing durability by infrared laser
exposure. In addition, there can be provided a lithographic
printing plate precursor of on-machine development type
capable of forming a color image with good viewability by
laser exposure. Further, the novel cyanine dyes of the mven-
tion can preferably be used in the recording layer of the
lithographic printing plate precursor.

The entire disclosure of each and every foreign patent
application from which the benefit of foreign priority has
been claimed 1n the present application 1s incorporated herein
by reference, as 11 fully set forth.

What 1s claimed 1s:
1. A photosensitive composition comprising:

a cyanine dye that has, on a methine chain thereot, a sub-
stituent which 1s a cation moiety of an onium salt struc-
ture, wherein

the cyanine dye 1s represented by a general formula (3):

General formula (3)

v® pO
3 ‘ 6
e Ql R X R QZ-..____,---.,_
' T T2
\ ]: / = = Z - e
T ® }‘J ..
R R? R? R? R’ R
AO
wherein

R' and R® each independently represents a hydrocarbon
group which may have a substituent;

R*, R’, R* R>, R® and R’ each independently represents a
hydrogen atom or a hydrocarbon group;

R* and R> may be connected to each other to form a ring
which may have a substituent;

X represents a single bond or a linking group;

Q' and Q” each independently represents —NR°—, S, O,
—CH—CH—, or a dialkylmethylene group;

R” represents a hydrogen atom or a hydrocarbon group
which may have a substituent;

Y™ represents a substituent having a cation moiety of an

onium salt structure represented by any one of general
formulae (5), (6) and (8):
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General formula (5)

RZ 1 RZC' R29 R28
®
R22 I \\ / RZ?
R23 R24 RZS REﬁ
General formula (6)
R42
R43 )\ R4 1
R -~ \/ ™~ R40
R3 0 R3 9
PEL S ® R38
R32 R34 R35 RS?
R3 3 R3 6
General formula (8)
RS | /RSU
RSZ / \\NGD_ ORSS
R53 R54

wherein R*® to R* and R°" to R>> each independently
represents a hydrogen atom, a halogen atom, or a
monovalent organic group; and

one of R*" to R*” in the general formula (5), one of R*° to
R™** in the general formula (6), and one of R°° to R>* in
the general formula (8) are a single bond connected to X
in the general formula (3);

T' and T each independently represents an aromatic ring
or a heteroaromatic ring; and

A~ and B~ each independently represents a counter 1on
which exists when charge neutralization 1s necessary,
the counter 10n being selected from the group consisting
of a halogen 10n, a perchlorate 1on, a tetrafluoroborate
10n, a hexatluorophosphate 10n, and a sulfonate 10n.

2. The photosensitive composition according to claim 1,

wherein
the cyanine dye 1s represented by a general formula (4):

General formula (9)

y® po©
N Q! R? X RO P .-

: T! T2 ‘E
“..,_ . N/ 7z Z Z 7z N e’
- S -

1:‘{1 R R* R R ];l?ﬁ

©

A

wherein
R' and R® each independently represents a hydrocarbon
group which may have a substituent;
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R*, R>, R®, and R’ each independently represents a hydro-
gen atom or a hydrocarbon group;

T" and T~ each independently represents an aromatic ring
or a heteroaromatic ring;

A~ and B~ each independently represents a counter ion 5

which exists when charge neutralization 1s necessary,
the counter 10n being selected from the group consisting,
of a halogen 10n, a perchlorate 1on, a tetrafluoroborate
10n, a hexatluorophosphate 10n, and a sulfonate 10n;

X represents a single bond or a linking group; and

Y™ represents a substituent represented by any one of gen-
eral formulae (5), (6) and (8):

General formula (5)

RZ | R20 RZQ R28
®
RZZ I \ / RZ?
R23 R24 R25 \R26
General formula (6)
R42
R43 R4 1
X
R F R40
R3 0 R3 9
R3l s® R38
R32 R34 R3 5 R3 7
R3 3 R3 6
General formula (8)
RS] RSU
R52 / \ N&)_ ORSS
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wherein R*” to R* and R”” to R>> each independently
represents a hydrogen atom, a halogen atom, or a
monovalent organic group; and

one of R*” to R*” in the general formula (5), one of R*° to
R™** in the general formula (6), and one of R°° to R>* in
the general formula (8) are a single bond connected to X
in the general formula (4).

3. The photosensitive composition according to claim 1,

turther comprising:

(B) a binder polymer; and
(C) a polymerizable monomer.
4. The photosensitive composition according to claim 1,

turther comprising:

(D) a microcapsule or microgel.

5. A lithographic printing plate precursor comprising:

a support; and

an 1mage recording layer that comprises the photosensitive
composition according to claim 1.

6. The lithographic printing plate precursor according to

claim 5, wherein

the image recording layer 1s capable of recording by 1nfra-

red laser exposure; and

the lithographic printing plate precursor 1s capable of print-
ing by mounting the lithographic printing plate precur-
sor on a printing machine without development process-
ing step or by recording an 1mage after mounting the
lithographic printing plate precursor on a printing
machine.

7. A lithographic printing method comprising:

a step of 1magewise exposing the lithographic printing
plate precursor according to claim 6 by an infrared laser;
and

a printing step of feeding an o1ly ink and an aqueous com-
ponent to the exposed lithographic printing plate precur-
sor to perform printing without development process,

wherein an inirared laser-unexposed area in the image
recording layer 1s removed 1n the course of the printing
step.

8. The photosensitive composition according to claim 1,

herein R* and R> are connected to each other to form a ring

z =

hich may have a substituent.
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